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SURGICAL NUTRITION 


Is there such a field as surgical nutrition? 
Within the broad domain of human nutri- 
tion are there topographic features which 
clearly label themselves as surgical, or of 
special interest to surgeons? Events of the 
past two decades have shown clearly that 
there are many such salients. 

1. The Diagnosis and Treatment of Acute 
and Chronic Nutritional Depletion. In the 
accurate determination of the extent of star- 
vation or acute depletion, the surgeon has a 
lively interest. 
not be made at a glance; knowledge of the 
quantitative measurement of total body con- 
stituents is in its infancy. 

The interpretation of body weight changes 
has always been confused by fat loss, water 
loss, or water gain and the undetermined 
degree of alteration in true protoplasmic 
This situation is becoming clarified 


These determinations can- 


mass. 
by re-emphasis on the concept of the lean 
body mass (the ‘‘active protoplasmic mass”’ 
of Talbot and Benedict). 

Measurements of lean body mass may be 
approximated by estimations of the total 
body specific gravity (E. N. Rathbun and N. 
Pace, J. Biol. Chem. 158, 667 (1945)). 
Direct measurement may ultimately be 
reached by the which 
measure total body water, total exchange- 
able potassium, and, by calculation, intra- 
cellular water and potassium concentration 
(F. D. Moore, Science 104, 157 (1946)). 
These measurements are built on the con- 
cept of a central mass of functioning proto- 
plasm (striated muscle, liver, lungs, heart, 


isotope technics 


viscera, blood, and great vessels) of rela- 
tively constant density, water content, and 
chemical composition. It is this phase of 


the body which is held up and moved about 
by the supporting and connecting structures ; 
it is this portion of the body which suffers 
most acutely in any breakdown of homeo- 
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static mechanisms; and it is this portion of 
the body which is the heat producing “‘en- 
gine’? whose energy converting function is 
the essence of the vital process. 

2. Parenteral Alimentation. The surgeon, 
more than any other practitioner, is called 
upon to feed his patients by extraoral routes. 
On the score of fluid and electrolyte, the 
growing conviction that many patients have 
been “‘over-watered”’ and ‘“over-salted”’ has 
found corroboration in the work of F. A. 
Coller et al. (Ann. Surgery 119, 533 (1944 
on the postoperative kidney. Avoidance of 
salt in the early postoperative phase has done 
more to ease the early convalescence of pa- 
tients following major gastrointestinal sur- 
gery than any other single development of 
the past few years. 

The literature on protein and amino acid 
administration has contributed much of fun- 
damental interest in recent Intra- 
venously administered whole protein enters 


years. 


into the metabolic pool for energy and syn- 
thesis in reproducible proportions; its use as 
an aliment should be encouraged by this 
finding but the hazards of virus hepatitis 
tend to vitiate its usefulness. Concentrated 


albumin overcomes this fault since it can 


be freed of virus. Concentrated prepara- 
tions may readily be used either in the form 
of albumin (25 per cent protein) or half- 
reconstituted commercial dried plasma (13 
to 14 per cent protein). In the face of acute 
hypoproteinemic conditions, these measures, 
plus planned restriction of water intake, are 
far to be preferred over massive plasma or 
whole blood infusions. 

After 
largely on the extracellular phase of body 


twenty years of interest focused 
water, interest in research and therapy is 


The 
assumption is that we might improve the 


now shifting to the intracellular phase. 

















162 NUTRITION REVIEWS [J une 


nutrition of our patients by the infusion of 
such ions as potassium and phosphate. 

When a dehydrated patient is given so- 
dium chloride and water, the needle is placed 
directly in the compartment into which the 
substances are to run—the extracellular 
space, as represented by a special fraction 
thereof, the plasma. If potassium, phos- 
phate, amino acids, and glucose are run into 
that same needle with the hope of improving 
cellular nutrition, there is still a special 
barrier: the cell membrane. If cells are 
ridding themselves of these substances by 
autolysis, or because of the need for energy, 
the mere infusion will not reverse the pro- 
cess. The best that can be hoped for is 
that building blocks are provided if con- 
struction wants to begin. 

To start construction of protein tis- 
sues a stimulus is needed—probably en- 
docrine in nature—a stimulus to lay down 
new protoplasm. The ineffective nutri- 
tional treatment of massive sepsis, ad- 
vanced malignancy, or post-traumatic states 
points up dramatically how futile these “‘in- 
tracellular feedings” may be if the stimulus 
to protoplasmic synthesis is lacking. 

The surgeon is also interested in the po- 
tentialities of fat suitable for intravenous 
administration. With a sufficiently high 
caloric intake, the utilization of protein from 
parenteral or oral sources would be maximal, 
the destruction of body protein as a result 
of a caloric deficit would be minimal, and it 
ought to be possible to improve considerably 
the nutritional status of an undernourished 
individual, providing the infused fat is 
converted into carbohydrate and oxidized. 
Unfortunately fat emulsions suitable for 
clinical use are not yet available. 

3. Blood Volume and Water Phase Physi- 
ology. Blood transfusion has become as 
essential to surgery as the scalpel—largely 
as a result of the wider range of activity of 
the latter instrument. The fate of infused 
cells and protein, shifts of body water from 
cells to extracellular ‘fluids, and blood re- 


generation are all related problems of 
central importance to surgical nutrition. 

The work of M. M. Wintrobe and his 
group has served to indicate some of the 
metabolic deterrents to blood regeneration 
which occur in the presence of infection. 
Studies in burns have shown the end result 
of this same phenomenon in terms of the 
excessive requirement for whole blood. 

The extensive isotope studies of J. G. 
Gibson et al. (J. Clin. Invest. 26, 715 (1947)) 
using radioiron have added to the knowl- 
edge of erythrocyte physiology; they have 
also shown to what extent large vessel 
circulation dominates the distribution of 
blood volume. Contrary to the concept 
that the capillary bed involves a large 
fraction of the blood volume, they have 
shown that, as an average, only 15 per cent 
of the total blood volume is there; the rest 
is in the large vessels of the abdominal and 
thoracic viscera and their tributaries. This 
has important consequences in the interpre- 
tation of blood volume changes relative to 
weight loss. 

The outstanding advantages of whole 
blood over plasma in the replacement 
therapy of shock due to hemorrhage and 
trauma were observed in all theaters of 
war. The explanation may be sought in 
oxygen-transport or viscosity; it appears 
more likely, however, that it is to be found 
in differences in phase-equilibration between 
the two fluids. Plasma protein reaches 
physical equilibrium with about 20 per cent 
of body weight, according to a permeability 
“spectrum” ranging from 5.0 per cent 
protein in visceral lymph to 0.2 to 0.8 per 
cent protein peripherally. Any plasma 
protein infused is ‘prorated’? throughout 
this extracellular phase according to the 
concentration and quantity in each anatomic 
area. All such protein lost (about one-half 
the body solute protein) into extravascular 
structures loses its blood pressure-maintain- 
ing effect in acute situations. Where per- 
meability is increased, even greater loss in 
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effectiveness is to be expected (burns, crush, 
trauma). Whole blood, on the other hand, 
contains a special particle—the erythrocyte 
—a billion times heavier than albumin and 
six hundred times as long, which does not 
equilibrate normally into any other body 
phase than the blood itself. The result is a 
greatly enhanced blood volume-maintaining 
effect entirely independent of oxygen trans- 
port. This is an effect due to the unique 
space-occupying function of the red cell, a 
function often overlooked in consideration 
of its varied metabolic activities. 

4. The Reaction to Trauma. For some 
years it has been observed that after even 
minor trauma or operative procedures, 
most patients go through a period of ex- 
creting more nitrogen than they ingest. 
In the past five years it has been of concern 
to many investigators to fill in this dip in 
nitrogen balance—possibly on the theory 
that nature abhors a vacuum! Until re- 
cently comparatively few workers in this 
field have concerned themselves with the 
question: ““‘What harm does this transient 
nitrogen negativity do, and why should we 
contrive to reverse the process?” It has 
been demonstrated that if amino acids are 
infused into the systemic venous circuit (a 
most unnatural and unphysiologic place for 
them to be in high concentrations) they can 
be poured in faster than the urea-ammonia 
mechanism can pour them out. Should we 
regard this infusion as having maintained 
nitrogen positivity in the presence of the 
“alarm reaction” and the forces of “‘anti- 
anabolism”? Perhaps it should be borne in 
mind that the reservoir is being filled faster 
than it can leak, yet the leak is not being 
fixed. 

If the evidence is examined critically, it 
appears that the nitrogen-negative period 
after trauma is the result of two forces acting 
simultaneously: starvation and oxidation of 
protein. 

The former of these mechanisms needs no 
further comment except to point out that it 
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is probably the villain of the piece, and that 
any healthy young adult put to bed on 
‘nothing by mouth” will show a negative 
nitrogen balance regardless of whether his 


stomach has been removed. Whatever else 
is done, it is wise to avoid any unnecessary 
prolongation of this transient postoperative 
period of starvation. 

The second item—protein oxidation— 
bears further scrutiny and cannot be over- 
estimated as an important physiologic 
mechanism; the increased protein oxidation 
which appears to take place after trauma 
may be a defensive response to trauma ex- 
hibited by most of the higher vertebrates. 
Whether we wish to argue teleologically, 
one cannot help considering Dr. Cannon’s 
phrase ‘“The Wisdom of the Body.” 

What harm does this postoperative nitro- 
gen balance do to the patient? Examine 
for a moment those individuals who do not 
manifest this particular phenomenon: the 
old, the feeble, the debilitated, the cachectic. 
Surely these are not the most stellar per- 
formers for postoperative clinical behavior. 
Which patients show the phenomenon to the 
greatest degree? The heavy, florid, ath- 
letic adolescent, who gets a heavy “‘knock”’ 
from surgical operations, and who may show 
the “nonspecific” temperature rise, who is 
completely disabled for a few days after 
surgery, is the patient who will show the 
most striking nitrogen losses. It is clear 
which of these two groups shows the high 
mortality, the wound dehiscences, the faulty 
suture lines, the thrombi, and the emboli. 
For the greater part, these phenomena are 
found in that group which does not exhibit 
the nitrogen response to stress. 

It is conceivable that epochs of evolution 
have produced an endocrine and chemical 
response to stress which has considerable 
survival significance despite attempts to 
bury it under amino acids, or reverse it by 
giving large doses of hormones. 

In all writings on this subject there is 
much emphasis on the nitrogen balance, to 
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the neglect of the total nitrogen lost in the 
urine. This fixation on balance is nowhere 
better illustrated than in many of the papers 
on amino acid administration. Gram after 
gram of nitrogen is infused into the veins, 
and just so long as the kidneys cannot quite 
keep up, a positive balance is demonstrated 
and a favorable therapeutic effect is im- 
plied. In such circumstances the urinary 
nitrogen may be considerable and 
represents a massive disorder of metabolism. 
The pitfall of considering that a transient 
positive nitrogen balance signifies tissue 
synthesis must be avoided. Unless nitro- 
gen positivity is maintained, correlated 
with positive potassium and phosphorus 
balances, and accompanied by weight gain 
demonstrated to be independent of water 
accumulation, it cannot be assumed that 
synthesis of new protoplasm is taking place. 

J. E. Rhoads et al. (C. E. Koop, J. H. 
Drew, C. Riegel, and J. E. Rhoads, Ann. 
Surgery 124, 1165 (1946)) took an original 
point of departure in attacking the post- 
operative nitrogen slump, by force feeding 
the patients preoperatively. These workers 
sought proof of efficacy in functional as well 
as chemical criteria. Their cardiac and 
circulatory tests do not prove conclusively 
any benefit from this regimen even though 
nitrogen intakes were greater than 0.8 g. 
per kilogram preoperatively and the patients 
evidently laid down new tissue. One won- 
ders if it will ever be possible to increase 
protein synthesis and “‘storage’”’ in normal 
healthy human beings who are in nitrogen 
balance by merely forcing more raw material 
upon them without altering the fundamental 
congenital and endocrine regulatory mecha- 
nisms which govern their lean body mass. 

No detrimental effects have been es- 
tablished for the short period of nitrogen 


loss 
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negativity after trauma. Often the least 
satisfactory clinical situations are found in 
patients incapable of showing this adaptive 
response to trauma. In all probability the 
phenomenon dealt with here is that of 
chemical evolution in one of its most effec- 
tive and intricate phases, and an ineffectual 
attempt has been made to ‘overcome’ a 
response which has the greatest survival 
significance to the individual organism. 
Furthermore, the error of assuming that 
nitrogen positivity signifies tissue synthesis 
must be avoided. Unless concomitant posi- 
tive balances of intracellular electrolyte can 
be demonstrated, with an increase in lean 
body mass independent of total water 
changes, a positive nitrogen balance is 
meaningless. 

5. Certain Special Entities of Nutritional 
Disease have long been of more concern to the 
surgeon than to others, for the reason that 
he is called upon to treat them. These 
include thermal burns, shock, gastrointesti- 
nal obstruction, peripheral vascular disease 
with gangrene, and advanced malignancy. 
All these have nutritional problems which 
are presented primarily to the surgeon. 
Their solution, however, will come only to a 
small extent from clinical studies on these 
surgical conditions themselves, and to a 
much greater extent from the fundamental 
knowledge being gained in the field of 
cellular nutrition as a whole. This fun- 
damental knowledge relates to the four 
salients discussed in the foregoing sec- 
tions. Application to these special surgi- 
‘al conditions will produce many valuable 
clinical advances in future years. 

Francis D. Moore 
Harvard Medical School 
Boston, Mass. 


ESTROGENS IN POULTRY METABOLISM 


Valuable information dealing with the 
effect of estrogens on various phases of 


metabolism has been obtained during recent 
years. Previous reviews (Nutrition Reviews 
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3, 27, 308 (1945)) have pointed out that in 
rats, mice, and probably in man, estrogens 
may be inactivated rapidly by the liver, 
provided that adequate dietary levels of 
thiamine, riboflavin, folic acid, and protein 
are maintained. 

Studies dealing with estrogens in poultry 
metabolism have usually been planned to 
yield information of direct economic value. 
Nevertheless, several interesting observa- 
tions have been made which are also of 
fundamental biologic importance. One of 
the earliest series of observations was made 
by F. W. Lorenz, C. Entenman, and I. L. 
Chaikoff (J. Biol. Chem. 122, 619 (1938)) 
who related the blood lipid level to sex and 
physiologic development in White Leghorn 
chickens. Two natural diets of equal caloric 
content were used, in which the fat contents 
were 18 per cent and less than 1 per cent, 
respectively. Blood samples were analyzed 
at intervals between the ages of 10 and 39 
weeks for cholesterol, phospholipid, total 
lipid, and total fat acid contents. Male 
birds on the two diets were found to possess 
virtually the same lipid concentrations of 
the lipid fractions, with the total lipids 
averaging 430 and 460 mg. per cent on the 
low and high fat diets, respectively. Simi- 
larly, immature females gave values of 450 
and 480 mg. per cent. However, with the 
onset of puberty and egg laying, enormous 
increases in phospholipids (280 to 600 mg. 
per cent) and neutral fats (120 to 950 mg. 
per cent, measured as acids) were observed 
in the blood of the hens, irrespective of their 
diets. Corresponding changes were found 
in the liver (Ibid. 123, 577 (1938)), and it 
was evident that these lipid levels were 
under physiologic control in both sexes. 
The activity of female sex hormones was 
then tested (Ibid. 126, 763 (1938)), as an 
estrin extract from the urine of pregnant 
mares. The extract, in general, was found 
to double approximately the blood lipid 
level of immature females when injected 
intramuscularly or into the ovary. Even 
more pronounced was the effect upon males, 
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where the blood lipid values rose from 
approximately 400 to over 1000 mg. per 
cent. The authors concluded from their 
experiments that the normal rise in blood 
lipids did not require the intervention of egg 
production or of the oviduct, but that the 
estrogenic hormones produced their effect 
directly upon the blood lipids. 

Large scale experiments with estrogens 
were made possible through the work of 
Kk. C. Dodds, L. Goldberg, W. Lawson, and 
R. Robinson (Nature 141, 247 (1938)) who 
synthesized several derivatives of diphenyl- 
ethane and stilbene and found them to 
promote estrus in rats. They noted that 
dihydroxy diethylstilbene (diethylstilbes- 
trol) was active in ovariectomized rats in a 
dosage between 0.3 and 0.4 microgram. 
This compound was thirty to eighty times 
as potent as the natural estrogens estriol, 
estradiol, and estrone when administered 
orally, although the ratio ranged from only 
1 to 15 when subcutaneous injection was 
employed, due to the somewhat greater 


effectiveness of the natural compounds by 
this route (C. W. Sondern and J. L. Sealey, 


Endocrinology 27, 670 (1940)). When di- 
ethylstilbestrol was injected into mature 
White Leghorn cockerels in doses of 1 mg. 
per kilogram of body weight (E. V. Flock 
and J. L. Bollman, J. Biol. Chem. 144, 57 
(1942)), the blood levels of cholesterol rose 
from approximately 200 to 800 mg. per 
cent, phospholipids rose from 350 to about 
2500 mg. per cent, and neutral fat from 400 
to over 5000 mg. per cent. 

In the prize winning poultry science 
research paper for 1945, F. W. Lorenz 
(Poultry Sct. 24, 128 (1945)) reported an 
extensive study of the influence of diethyl- 
stilbestrol on fat deposition and meat 
quality in White Leghorn cockerels. Pel- 
lets of diethylstilbestrol were implanted 
subcutaneously at weekly intervals in birds 
ranging from 4 to 7 weeks in age. All birds 
were killed at 65 days of age, and determina- 
tions were made of stilbestrol absorbed 
(after weighing the pellet residues), weight 
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of abdominal adipose tissue, fat content of 
breast and leg muscles, and gain in body 
weight. Weight gains were not influenced 
by estrogen administration, but the other 
responses obtained were in direct proportion 
to the amount of estrogen absorbed, which 
ranged up to 11 mg. after five weeks treat- 
ment. They included, in addition to shrink- 
ing of the comb and the development of 
female characteristics such as enlarged vent 
and spread of pubic bones, a steady increase 
in fat deposition, ranging (in the abdomen) 
from 5 g. in the controls to 32 g. in the birds 
which had been treated for five weeks. 
Corresponding values in the breast and 
thigh muscle were 0.68 to 1.13 per cent and 
1.16 to 2.16 per cent, respectively. A 
simultaneous deposition of subcutaneous 
fat was noted, which was described as pro- 
ducing a better “finish” among the treated 
birds. The increase in muscle fat was 
considered especially important, due to 
improvement in flavor and tenderness of 
the meat. Lorenz, as well as P. D. Sturkie 
(Ibid. 25, 365 (1946)) has pointed out that 
birds up to 23 years in age could be tender- 
ized by this type of treatment. Much of 
the effect of diethylstilbestrol feeding dimin- 
ished rapidly, however, when the pellets 
were removed. Abdominal fat in birds 
treated for four weeks dropped from 30.8 g. 
at the removal of the pellets to 13.8 g. three 
weeks later, although the controls contained 
only 2.4g. Comb weights increased rapidly 
from 4.3 g. to 25.0 g. in two weeks, compared 
with 33.8 g. in the controls. By contrast, 
the breast and leg muscle fat remained 
fairly constant during the three week ob- 
servation period. 

Attempts were made by Lorenz to employ 
oral feeding of diethylstilbestrol. How- 
ever, its activity appeared to be so low by 
this route as to require over 200 mg. to in- 
duce a moderate rise in abdominal fat, and 
the oral use of the compound was considered 
uneconomic. Meanwhile, R. G. Jaap (En- 
docrinology 37, 369 (1945)) found that the 
dimethyl ether of diethylstilbestrol (dianisyl 


hexene) was ten to thirty times as active for 
both the chicken and the turkey as was 
diethylstilbestrol itself. Further work was 
therefore carried out by R. H. Thayer, R. G. 
Jaap, and R. Penquite (Poultry Sci. 24, 483 
(1945)), dealing .with the effects of both 
compounds on chickens, and by G. T. Davis 
and R. H. Thayer (Ibid. 27, 79 (1948)), 
extending these investigations to the finish- 
ing of market turkeys. In general, the 
results obtained confirmed the observations 
of Lorenz and of Jaap. However, dianisy] 
hexene was found to promote feed consump- 
tion and weight gain in chickens. The 
optimum level for its use appeared to be 40 
to 50 mg. per pound of feed, with the great- 
est feed consumption at the 60 mg. level. 
At a level of 65 mg. per pound, some of the 
birds were disabled due to lipemia, and a few 
died. Leg and wing bones of young birds 
appeared fragile when excessive doses of 
dianisyl hexene were fed; many broken 
bones were found on the racks at slaughter- 
ing time. 

The optimum level of dianisyl hexene in 
turkey diets was found to be from 40 to 60 
mg. per pound of feed. With birds 20 to 22 
weeks of age, a two week feeding period was 
most successful. Weight gains of females 
over this period averaged 1.97 pounds per 
week compared with 1.36 pounds among the 
controls, while the males gained 2.38 
pounds compared with 1.87 pounds, respec- 
tively. Feed consumption paralleled the 
weight gain, with the 40 mg. lot being most 
efficient. Longer periods of feeding estro- 
gen were less effective, since the controls 
gained more rapidly as the birds increased 
in age. It seems possible that the turkey 
may normally experience increased estro- 
genic activity at about this age, which 
would tend to duplicate the effect of the 
added estrogen. 

The lipemias which were produced in 
chickens as a result of estrogen feeding did 
not appear among turkeys, even at a level 
of 80 mg. of dianisyl hexene per pound of 


feed. However, plasma fat levels could be’ 
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increased by large doses of dianisyl hexene 
and diethylstilbestrol (41 to 941 mg. per 
bird) given shortly before slaughtering time 
(J. A. Davidson, L. F. Wolterink, and E. P. 
Reineke, Poultry Sci. 25, 400 (1946)). 
These workers later observed (Am. J. Vet. 
Res. 8, 431 (1947)) that although single 
injections of 40 to 60 mg. of diethylstil- 
bestrol were without marked effect, con- 
tinued feeding at the 45 mg. per pound level 
up to a total of 800 to 900 mg. reduced 
hemoglobin values in turkeys to approxi- 
mately three-fourths those of the controls. 
It was felt that the anemias represented a 
secondary . effect, induced by the lipemias 
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which are known to cause hemolysis of 
erythrocytes. In general, the turkey ap- 
pears to be relatively resistant to an estro- 
gen-induced anemia. Jaap’s investigations 
revealed that at a level of 10 mg. per pound 
of feed, the turkey was virtually unaffected 
by dianisyl hexane (the dimethyl ether of 
hexestrol) whereas this compound was the 
most potent among seventeen estrogens 
tested under these conditions with the 
chicken. Moreover, reference to the vari- 
ous data presented reveals that both 
chickens and turkeys are less affected by 
estrogens than are rats, even when the dis- 
crepancy in size is considered. 


PROTEIN ENRICHMENT AND BODY CALCIUM IN THE RAT 


Studies begun over twenty years ago by 
H. C. Sherman and H. L. Campbell (J. Biol. 
Chem. 60, 5 (1924)) dealing with the selection 
of adequate natural diets for the albino rat, 
have at the time of this writing proceeded 
beyond the sixty-third generation. This 
lineage of rats has continued to thrive and 
reproduce well on a diet consisting of five- 
sixths ground whole wheat and one-sixth 
whole milk powder, although evidence has 
been presented during that time which 
indicates that the diet, although adequate, 
may be improved considerably by enrich- 
ment with various food factors. In their 
original paper the authors pointed out that 
an increase in the proportion of milk powder 
to one-third (with two-thirds wheat) resulted 
in more rapid and efficient growth, some- 
what larger size at maturity (315 and 269 g., 
respectively, for males at 300 days; 224 and 
205 g. for females), longer duration of repro- 
ductive life (419 and 345 days), and better 
reproduction (19 per cent reproductive 
failures compared with 48 per cent). The 
authors stated at that time that “evidently 
there is not only a line to be drawn but a 
wide zone to be explored between adequate 
and optimum nutrition.” 

Later experiments by the Columbia group 


(Nutrition Reviews 1, 267 (1943); 3, 293 
(1945)) have shown that improvement of 
the riboflavin and vitamin A supply each 
contribute markedly to superior performance 
among rats, in much the same manner as 
was observed above. Increases in vitamin 
A prolonged the reproductive cycle of fe- 
males and lengthened the life span of both 
sexes, whereas liberalized intakes of ribo- 
flavin (up to 0.9 mg. per 1000 calories of 
diet) ensured optimum weight gain and 
hemoglobin values and provided the off- 
spring with better protection against deple- 
tion on riboflavin deficient diets. Also, 
enrichment of the diet with calcium from its 
value of 0.20 per cent to 0.64 and 0.80 per 
cent, with proportional increases in phos- 
phate, resulted in greater deposition of body 
calcium in growing rats (H. C. Sherman, 
H. L. Campbell, and C. 8. Lanford, Proc. 
Nat. Acad. Sci. 25, 16 (1939)). In 90 day 
old rats of the second and third generation, 
body calcium values ranged from 0.7 per 
cent on the original diet (diet A) to approxi- 
mately 1.0 per cent on the 0.64 and 0.80 per 
cent diets. The normal life span was length- 
ened and a general beneficial effect of the 
higher calcium levels upon the well-being of 
the animals was noted. 
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Although the above described improve- 
ments in diet A appear to account for most 
of the beneficial effects ascribed to whole 
milk powder, a later series of papers by this 
group suggests that extra protein may also 
be a predisposing factor toward better 
health. H.C. Sherman and C. 8. Pearson 
(Proc. Nat. Acad. Sci. 33, 264, 312 (1947)) 
observed that addition of an unstated 
amount of poultry meat to diet A resulted 
in a marked increase in rate of growth. 
Comparative weights of males on diet A 
and the protein-enriched diet at the start of 
the experiment (28 days of age) were 50 and 
49 g., respectively, but at 84 days the 
weights were 154 and 202 g. Corresponding 
weights of 84 day old females were 120 and 
158 g. Differences in the over-all growth 
and reproduction records were even more 
noticeable. Thus, from 10 females on each 
of the two diets, the average ages at birth 
of the first young were 132 and 98 days, 
respectively; the total number of litters 
born, 19 and 28; total number of young 
born, 123 and 174; young reared to 28 days, 
70 and 146; total weight of young at 28 days, 
2481 and 5786 g.; and the average weight of 
voung at 28 days of age, 35.4 and 39.6 g., 
respectively. The experiments covered only 
the first 210 days of the animals’ lives, 
hence longevity studies have not been 
reported. Additional observations of 3 rats 
receiving 60 g. of poultry meat weekly 
indicated that the slower growing rats on 
diet A continued to grow after those on the 
high protein diet had reached constant 
weight. However, even after one year the 
rats on diet A were somewhat smaller. 
Since riboflavin and protein act interde- 
pendently (Nutrition Reviews 1, 267 (1943)) 
and are thought to be mutually combined in 
tissues, H. C. Sherman and M. 8. Ragan 
(Proc. Nat. Acad. Sci. 338, 266 (1947)) 
reasoned that they might be mutually 
beneficial. This was found to be true when 
liberal quantities of riboflavin (7 micro- 
grams per gram of food) were fed. With 12 
per cent protein in the food, the rat body 
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tissues analyzed 17.0 per cent protein and 
5.7 micrograms of riboflavin per gram, 
whereas with 32 per cent protein in the diet 
the corresponding tissue analyses were 18.4 
per cent and 6.6 micrograms of riboflavin per 
gram. In other words, the increase in die- 
tary protein produced approximately a 10 
per cent increase in both protein and ribo- 
flavin in the tissues. 

In contrast to the direct interplay between 
protein and riboflavin, dietary protein seems 
to have an adverse effect upon calcium 
retention. Several of the animals on pro- 
tein rich diets were found by Sherman and 
Pearson to be suffering from nervous 
disorders suggestive of calcium deficiency. 
This was investigated further by H. C. 
Sherman, M. 8S. Ragan, and M. E. Bal 
(Proc. Nat. Acad. Sci. 33, 356 (1947)) who 
substituted casein for poultry meat in the 
protein enriched diet. When the protein 
level of diet A was raised from 14 to 20 per 
cent with added casein, the tissue calcium of 
60 day old female rats dropped from 0.79 
per cent to 0.72 per cent. The casein 
enriched diet was then enriched with calcium 
carbonate to 0.64 per cent, with the result 
that in 60 day, 90 day, and 1 year old rats the 
body calcium levels were more nearly alike, 
with both values reaching 1.25 per cent at 1 
year of age. The observations were inter- 
preted as indicating either a protein-calcium 
imbalance, or an undue acceleration of 
growth, or both. 

The authors state that the similarity 
between the results with poultry meat and 
casein indicates that this effect is due to 
protein. Although this is probably true, it 
would appear desirable to use pure proteins 
or even amino acid mixtures in these studies. 
The over-all picture which has gradually 
been developed by the Columbia workers is 
one of improvement of the adequate basal 
diet with the various supplements used to a 
point where optimum nutrition is probably 
reached. The determination of the exact 
role of proteins in this improved dietary will 
be awaited with interest. 
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A NEW PROCEDURE FOR SELECTION AND USE OF CHICKS 
IN GROWTH EXPERIMENTS 


In all studies in experimental nutrition, 
considerable variation in the response of 
individual animals to a given regimen is 
apparent. An effort to reduce the extent of 
such variation by eliminating animals show- 
ing aberrant behavior from the experimental 
groups is usually made, and the response of 
the several remaining animals averaged in an 
effort to secure representative values. The 
growth or other response is often measured 
over a period of several weeks to secure the 
final values taken. 

A comparatively new method for selecting 
and using experimental animals in growth 
studies has been recommended by D. 8. 
Mekittrick (Growth: 11, 89 (1947)). Al- 
though thought to be applicable to any 
small laboratory animal, the method has 
been developed and applied only with chicks. 

The method, briefly, is as follows. Newly 
hatched chicks are placed for three weeks on 
a “conditioning”’ or pretest diet. Each bird 
is weighed on the fourteenth and twentieth 
day, and its gain in weight during this 
period is plotted against its weight on the 
twentieth day. Thus a single point repre- 
sents the performance of each bird in terms 
of total weight gain in three weeks, and in 
terms of rate of gain during the third week. 
From the large number of chicks thus 
examined, an array of points is obtained, the 
long axis of which is determined by inspec- 
tion. A band is marked off with sides paral- 
lel to this axis, which includes the closely 
grouped points, but excludes all those show- 
ing either very small or very large final 
weights, or weight gains that are erratically 
large or small compared with final weights. 
Only birds whose performance falls within 
this band are used in the experimental 
groups. The band is then cut into seg- 
ments, each containing a number of points 
equal to the number of experimental groups 
to be used. The number of segments must, 
of course, equal the number of chicks to be 


used in each experimental group; the sug- 
gested number is ten. One chick from each 
segment is then placed in each experimental 
group. At the beginning of the test period 
(i.e. the fourth week) birds in any experi- 
mental group form a series showing both 
increasing absolute weights and increasing 
rates of gain in weight. Furthermore, each 
bird in each group has companions in all 
other groups showing close to the same 
absolute weight and rate of gain in weight. 
The average weight and rate of gain of birds 
in each group are also similar. This pro- 
cedure for selection of experimental animals 
differs from that customarily used by 
nutrition workers in its more systematic 
nature, and in the introduction of rate of 
gain, as well as the customary absolute 
weight as a criterion for selection. The 
former criterion, though often neglected, is 
of obvious importance, and increasingly so 
as the test period is decreased in length. 
The selected birds are placed on the test 
diet on the twenty-first day, and are 
weighed daily for the experimental period 
of one week. The daily weight increases 
are plotted against time, and the best 
straight line drawn through these points. 
From the slope of the line obtained, the 
experimental growth, expressed as the daily 
percentage increase in average growth for 
the week is calculated. The use of a 
straight line (in place of the difference in 
final and initial weights usually used) tends 
to eliminate the effect of erratic and mean- 
ingless day to day fluctuations in growth. 
Since each bird of an experimental group 
may differ in initial weight, and since the 


growth increases (expressed on a percentage 
basis) increase as the initial weight 
creases, the experimental growth determined 
in the above fashion is adjusted to that 
which a bird of standard weight would have 
by means of an experimentally predeter- 


de- 


mined regression coefficient. This coeffi- 
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cient expresses the decrease in growth rate 
per gram increase in initial weight, and 
furnishes a means of eliminating the effect of 
the normal change of growth rate with 
increase in absolute weight. The adjusted 
growth rates determined for each bird are 
averaged to obtain that characteristic of the 
group. This figure is used in judging the 
results of an experiment in the same way 
that weight increases are usually used. 

In applying the procedure, the duplica- 
bility in adjusted growth rates of eleven 
groups of birds was determined. One 
hundred fifty-eight birds were fed a practical 
diet throughout the four week period. 
Application of the described selection pro- 
cedure reduced this number to 110, which 
were separated into eleven groups of 10 
birds each. During the experimental fourth 
week, the average adjusted growth rate of 
the ten groups varied (extremes) from 6.71 
to 6.87 per cent; average 6.79 + 0.1 per 
cent. Statistical evaluation of the results 
show that the standard error in determining 
the growth rate by this procedure is about 
+0.1 per cent. 

The third and fourth weeks were chosen 
for selection of birds and evaluation of their 
growth because of the recognized correlation 
between growth rates during the third and 


Mineral oil is commonly used as a laxative, 
and during shortages of biologic fats and oils 
it is used in mayonnaise and salad dressing. 
Because of its common use, any deleterious 
effect it might exert on normal nutrition is 
worth serious study. The absorption of 
vitamin A and carotene under a variety of 
circumstances in man and animals has been 
reviewed (Nutrition Reviews 1, 303 (1943); 
2, 61 (1944); 3, 8 (1945); 4, 216 (1946)). 
There is sufficient experimental evidence 
that in animals the tendency of mineral oil 
to predispose to deficiency apparently de- 





EFFECT OF MINERAL OIL ON THE ABSORPTION OF CAROTENE 
AND VITAMIN A IN MAN 
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fourth weeks of life and because, during this 
period, growth is nearly linear (G. A. Baker, 
Poultry Sci. 23, 83 (1944)). The author 
believes the short period (one week) used to 
determine growth has several advantages: 
(1) the birds do not have time to depart 
markedly from the growth rates shown in the 
third week, unless such change results from 
a primary deficiency in the experimental 
diet; (2) secondary complicating effects of a 
primary deficiency have little time to appear; 
and (3) the use of costly food components is 
reduced to a minimum. The method is 
designed primarily for cases in which the 
reaction to change in diet is rapid (for 
example, with amino acids). The short 
growth period would make it of much less 
value in those cases where the animal stores 
the nutritive factor under investigation. 
Attempts thus to increase the precision 
and speed of animal growth experiments are 
laudable. The present method would ap- 
pear to merit further trial. The graphic 
methods used are considerably more in- 
volved than are the customary procedures 
used in evaluating growth, and for this 
reason it is unfortunate that the author did 
not compare the precision of his results with 
those which would have been obtained by 
following the older procedures. 


pends on the amount of mineral oil taken, 
the relative amounts of vitamin A and 
carotene in the diet, and whether vitamin A 
and carotene are fed together or separately. 
If there is an adequate supply of vitamin A 
in the diet, administration of mineral oil in 
therapeutic doses should not cause a defi- 
ciency in vitamin A. On the other hand, 
mineral oil may cause a vitamin A deficiency 
if the source of the latter is chiefly the 
carotene in the diet. 

Clinical studies on the effect of mineral oil 
on absorption of vitamin A and carotene 
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have been few. Some have shown that the 
extent of absorption of carotene depends on 
the presence of fat in the diet (H. E. C. 
Wilson, S. M. Das Gupta, and B. Ahmad, 
Indian J. Med. Res. 24, 807 (1937)). When 
a fat free diet is used, about 52 per cent of 
the carotene is absorbed, whereas 90 per 
cent is absorbed when the diet contains fat. 
Other investigators (G. Wald, W. R. Carroll, 
and D. Sciarra, Science 94, 95 (1941)) have 
shown that under normal conditions vitamin 
A is more readily absorbed than carotene, 
and it seems rather certain from the litera- 
ture that mineral oil interferes with absorp- 
tion of carotene in man (A. C. Curtis and 
E. M. Kline, Arch. Int. Med. 63,54 (1939); 
A. C. Curtis and R. 8. Ballmer, J. Am. Med. 
Assn. 113, 1785 (1939)). Curtis and asso- 
ciates found that when their subjects were 
given 20 ml. of mineral oil before each meal 
or before the morning and evening meals the 
concentration of carotene in the blood de- 
clined during a period of ten or fifteen days; 
however, this decrease in concentration of 
carotene was not appreciable when mineral 


oil was given before retiring. Other workers 
have shown that mineral oil apparently does 
not significantly interfere with the absorp- 
tion of vitamin A when ingestion of this fac- 
tor is adequate (B. L. Isaacs, F. T. Jung, and 
A. C. Ivy, Arch. Ophth. 24, 698 (1940): 


Correction, Ibid. 25, 158 (1941)). Studies on 
the effects of ingestion of mineral oil on the 
concentration of carotene and vitamin A in 
the plasma have been carried out by B. 
Alexander, E. Lorenzen, R. Hoffmann, and 
A. Garfinkel (Proc. Soc. Exp. Biol. Med. 65, 
275 (1947)). These authors used 25 sub- 
jects, comprising five groups. In the first 
group there were 3 normal persons who took 
no form of mineral oil. In the second group 
there were 6 normal persons who took 1 
tablespoonful of mayonnaise composed of 83 
per cent mineral oil and 2 per cent fat, with 
the noon and evening meals daily. The 
third group was comprised of 4 normal per- 
sons who took 1} teaspoonfuls of this mixture 
at the same times as did the persons in group 
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2. In the fourth group there were 3 normal 
persons who took 1 tablespoonful of mineral 
oil with the noon and evening meal daily. 
The fifth group was comprised of 9 patients 
who had psoriasis vulgaris. Six of these 
persons ingested 1 tablespoonful of mineral 
oil with the noon and evening meals and 3 of 
the 9 ingested 1 tablespoonful with each of 
the three meals daily. The diets of all 
subjects were unrestricted. In some sub- 
jects these supplements were taken through 
a period of eight weeks. 

Concomitant with the prolonged daily 
ingestion of mineral oil, either as such or in 
the form of mayonnaise dressing, at meal- 
time, the concentration of plasma carotene 
decreased about 50 per cent. The decline 
was about the same for those who took 2 
tablespoonfuls daily as it was for those who 
took 3 teaspoonfuls. No significant changes 
in the concentration of vitamin A occurred 
and no untoward clinical manifestations 
appeared. 

These alterations were probably due to 
extraction of the food carotene by mineral 
oil, which was thereby prevented from 
entering the body. If the diet were restric- 
ted such losses might be of clinical sig- 
nificance, but if the diet provided sufficiently 
large quantities of vitamin A to meet these 
losses no derangement might occur. - 

Since this field is somewhat confused, 
A. E. Mahle and H. M. Patton (Gastro- 
enterology 9, 44 (1947)), in an attempt to 
obtain more complete evidence on the effect 
of ingestion of mineral oil on the absorption 
of vitamin A ard carotene, have undertaken 
further studies. Five healthy male sub- 
jects with an average age of 21 years were 
studied for fourteen months under 
trolled dietary conditions. The diet con- 
tained 4000 1.v. of potential vitamin A, 
mostly in the form of carotene. The sub- 
jects were given this diet alone for three 
weeks before the first experimental period 
started. During the experimental periods, 
mineral oil was given, and after an interval, 
was given again for periods of from nineteen 
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to seventy days. As a control, a vegetable 
mucilloid was given for similar periods of 
time instead of mineral oil. At times, a 
daily supplement of 50,000 I.v. of vitamin A 
was given at a single dose with the evening 
meal; mineral oil and vegetable mucilloid 
were taken at bedtime. The concentrations 
of vitamin A and carotene in the plasma 
were determined three times a week on 
alternate days. Blood was withdrawn just 
before the noon meal. The fecal excretion 
of vitamin A and carotene was estimated 
four times a week. 

The concentration of vitamin A in the 
plasma was high during the first period 
when 50,000 1.u. of vitamin A were being 
added daily to the diet. When mineral oil 
was added to the diet, the concentration of 
vitamin A decreased. Continuation of the 
administration of mineral oil and discon- 
tinuance of administration of vitamin A 
supplement were associated with a further 
decrease in the concentration of vitamin A. 
When the administration of mineral oil was 
discontinued the concentration of vitamin A 
increased slightly and then decreased when 
the vegetable mucilloid was added and 
decreased even further when the administra- 
tion of vegetable mucilloid was discontinued. 
Again, the mineral oil was added to the diet 
and the concentration of vitamin A dropped 
to 150 1.v. The administration of mineral 
oil again was discontinued and the vitamin A 
supplement was given. The concentration 
of vitamin A in the plasma again rose and 
continued to rise slightly after addition of 
mucilloid; however, the concentration fell 
once more when the administration of 
mucilloid was discontinued and the vitamin 
A supplement of 50,000 1.u. was added. 

The fecal excretion of vitamin A was 
highest each time the mineral oil was given 
with vitamin A supplement. It was lowest 
when the control diet, either with or without 
the vegetable mucilloid, was given. The 








concentration of carotene in the plasma fell 
slightly and then increased throughout the 
period of study despite the fluctuations in 
the fecal excretion of carotene. The excre- 
tion of carotene in the feces was increased 
each time the mineral oil was added to the 
diet. These studies emphasize that mineral 
oil appears to increase the excretion of 
carotene in the feces; however, the increase 
of such excretion caused by mineral oil was 
not reflected by a fall in the concentration of 
carotene in the plasma. There is no 
explanation for this observation. Adminis- 
tration of 30 ml. of mineral oil at bedtime 
definitely did not affect the fecal excretion of 
vitamin A except when the supplement of 
50,000 1.u. of vitamin A was added to the 
control diet. The lowest concentrations of 


vitamin A were encountered when the 


subject was taking the diet and mineral oil 
only; the lowest average for the group was 
150 1.v. of vitamin A per 100 ml. of blood 
plasma and the lowest concentration for any 
one subject was 130 1.u. The concentration 
of vitamin A in the plasma of male subjects 
who were receiving 4000 1.u. of potential 
vitamin A would seem to be within the 
normal range even when the subjects were 
taking 30 ml. of mineral oil per day, before 
retiring, for periods of fifty-one and twenty- 
one days respectively. Thus, these results 
do not indicate that taking mineral oil at 
bedtime causes the concentration of vitamin 
A in the plasma to become abnormally low. 
On the other hand, if the vitamin A or 
carotene intake is low or if carotene is the 
chief source of vitamin A in the diet, some 
caution should be exercised in the amount 
of mineral oil prescribed for man. Under 
these circumstances, a vegetable mucilloid 
would be the laxative of choice. These 
studies raise the question whether mineral 
oil can be used safely for long periods of time 
by man without some interference with 
nutrition. 
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ASCORBIC ACID STABILIZERS IN FRUITS AND VEGETABLES 


Many studies have indicated that natural 
foods rich in ascorbic acid may be more 
effective in curing certain hemorrhagic 
manifestations of scurvy than is crystalline 
ascorbic acid, and some evidence indicates 
that various flavone glucosides (vitamin P) 
are active in this role (Nutrition Reviews 2, 
309 (1944)). A. Elmby and E. Warburg 
(Lancet II, 1363 (1937)) postulated that 
natural foods contained an unknown factor 
or “covitamin” which promoted more ef- 
fective utilization of ascorbic acid. This 
hypothesis has been given added impetus by 
a report of E. W. Crampton and B. W. 
Burton (Federation Proceedings 5, 230 
(1946)) which indicates that orange, apple, 
and tomato juices show 35 to 45 per cent 
higher ascorbic acid potency, as measured 
by a bioassay involving growth of the 
odontoblast cells of the incisor teeth of 
young guinea pigs, than was indicated by 
chemical assay of total ascorbic acid (re- 
duced and dehydro-) in these materials. 

On the other hand, a number of published 
studies are available to show that the 
ascorbic acid in orange juice, raspberries, 
potatoes, cabbage, tomato juice, papayas, 
and guavas is available to man to the same 
degree as synthetic ascorbic acid in water 
solution (for literature references see D. 
Melnick, M. Hochberg, and B. L. Oser, 
J. Nutrition 34, 409 (1947)). In these 
latter investigations, however, the basal 
diets fed were not free from other fruits and 
vegetables, so that the possibility that 
“ceovitamins” or stabilizers were present in 
excess in the basal diet, and thus contributed 
to the activity of the pure ascorbic acid, was 
not excluded. The existence of “‘stabilizers’”’ 
in vegetable extracts which protect ascorbic 
acid from oxidation in vitro has been reported 
previously (R. Reder, Science 103, 201 
(1946)). 

D. Melnick, M. Hochberg, and B. L. Oser 


(loc. cit.) have now investigated the extent 
to which such stabilizing factors of fruits 
and vegetables might influence the availa- 
bility of dietary ascorbic acid, and have 
tested specifically the suitability of apple 
juice as a vehicle for supplying ascorbic acid 
to the diet. In preliminary tests, ascorbic 
acid was added to acidulated water and to 
pasteurized apple juice in amounts com- 
parable to those occurring in a control 
sample of orange juice. The three soluticns 
were held for ten and twenty-one days at 
45°C., then the residual ascorbic acid was 
determined. Results of these accelerated 
holding tests showed that, although ascorbic 
acid in apple juice was not as stable as in the 
more acid orange juice, it was far more 
stable than in acidulated water. The 
occurrence of stabilizing factors in the fruit 
juice is therefore confirmed. 

Assays with human subjects by procedures 
previously described (Nutrition Reviews 4, 
74 (1946)) were then carried out. The 
basal diets used during the pretest and test 
periods were free of fruits and vegetables to 
eliminate, as far as possible, the presence of 
possible naturally-occurring stabilizers of 
ascorbic acid. Vitamin excretions on the 
basal diet supplemented with either fruits 
and vegetables or with fortified apple juice 
to supply equal amounts of ascorbic acid 
gave rise to equal excretions of ascorbic 
acid, within experimental error. Similarly, 
in a separate series of tests there was no 
difference in utilization of acid 
supplied as fortified apple juice and that 
supplied in aqueous solution. 

From these results it may be concluded 
that, although factors which stabilize as- 
corbic acid do exist in fruit juices and vege- 
tables, these stabilizing factors are ineffective 
in the digestive system in increasing the 
availability of ascorbic acid to normal 
individuals. 


ascorbic 
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Fibrinolysin is a proteolytic enzyme which 
decomposes fibrinogen and fibrin, and which 
may also destroy the prothrombin of blood. 
This enzyme is normally absent from blood, 
but an enzymatically inactive precursor of 
it, called profibrinolysin, is present in blood 
plasma. Profibrinolysin may be changed 
into fibrinolysin in a number of different 
ways, for example, through action of a 
“kinase” derived from certain streptococci, 
and called streptokinase, by treatment of 
plasma with chloroform, and possibly by 
some mechanism in the intact organism 
which is at present unknown. 
Antifibrinolysin is the name given to a 
substance present in the plasma of all animal 
species so far tested which inactivates 
fibrinolysin (M. M. Guest, B. M. Daly, 
A. G. Ware, and W. H. Seegers, Federation 
Proceedings 6, 118 (1947)). In a study of 
the antifibrinolysin of chick plasma, M. M. 
Guest, A. G. Ware, and W. H. Seegers (Am. 
J. Physiol. 150, 661 (1947)) present a 
procedure for the quantitative determina- 
tion of this substance in plasma. The 
method depends upon measurement of the 
time required for a standardized fibrinolysin 
preparation to digest a fibrin clot. Addition 
of antifibrinolysin preparations (defibrinated 
plasma) to the digestion mixture increases 
this time, and adoption of suitable quantita- 
tive units then permits comparison of the 
antifibrinolysin contents of different serums. 
Chicks were maintained for twenty-eight 
days after hatching on (1) a fortified broiler 


Studies in which thiamine supplementa- 
tion of the diet of orphanage children was 
considered to improve mental performance 
and visual acuity have been reviewed in this 
journal (Nutrition Reviews 4, 343 (1946)). 
The significance of the changes in over-all 


ANTIFIBRINOLYSIN ACTIVITY DURING FOLIC ACID DEFICIENCY 


EFFECTS OF ADDED THIAMINE ON GROWTH, VISION, AND 
LEARNING ABILITY OF CHILDREN 


performance induced by additional thiamine 
were concluded to be neither statistically 
nor biologically significant. 


ration, (2) a synthetic ration deficient only 
in folic acid (the ration described by C. J. 
Campbell, R. A. Brown, O. D. Bird, and 
A. D. Emmett, J. Nutrition 32, 423 (1946)), 
and (3) the synthetic ration supplemented 
with crystalline pteroylglutamic acid (folic 
acid). The antifibrinolysin content of the 
plasma of chicks from the three groups was 
then determined with results as follows: 
broiler ration, 87 to 117 units per milliliter; 
synthetic ration supplemented with folic 
acid, 108 to 168 units per milliliter; folic acid 
deficient group, 203 to 431 units per milli- 
liter. The data seem to establish a marked 
increase in the antifibrinolysin content of 
blood as a result of folic acid deficiency. 
The mechanism of the effect is unknown at 
present. 

The authors point out that these observa- 
tions may be of practical value. Thus 
preliminary studies of the plasma of human 
pernicious anemia patients revealed that the 
antifibrinolysin activity is greatly increased 
above the normal value—indeed, it was this 
observation which stimulated the work on 
folic acid deficient chicks. In 2 such 
patients followed during therapy the anti- 
fibrinolysin activity decreased significantly. 
Most interesting, this decrease became 
evident before a definite change could be 
observed in any of the formed elements of 
the blood. Thus assay of the antifibrinoly- 
tie activity of blood of human patients 
suffering from pernicious anemia may be a 
sensitive index of effective therapy. 





E. C. Robertson, C. M. Tatham, N. F. 


Walker, and M. R. Weaver (J. Nutrition 34, 
691 (1947)) record results of a similar study 


eS LL eS ee ell 


1948) 


to determine whether additional thiamine 
over and above that furnished by the daily 
diet would improve performance of children. 
Subjects of the study were 44 pairs of identi- 
cal twins ranging from 7 to 15 years of age, 
and living at home. The eating habits of 
the members of each pair were nearly 
always closely similar. The thiamine intake 
with the diet was calculated from records of 
food intake during one week. Of the 24 
pairs of twins thus studied, 9 were obtaining 
approximately the recommended daily al- 
lowance of thiamine (National Research 
Council recommendations); 12 were obtain- 
ing 20 to 40 per cent less than this amount, 
while 3 were obtaining more than this 
amount. During the pretest period, levels 
of performance were established by adminis- 
tration of eight different psychologic tests, 
ranging from the Binet intelligence test 
(form L) through manual dexterity tests 
(nail sorting). Again the over-all perform- 
ance of the members of each pair was closely 
similar, although there was more variation 
on individual tests than had been antici- 
pated. 

Having thus established base levels of 
performance, the twins were separated into 
control and experimental groups, one mem- 
ber of each pair being assigned to each 
group. The control group received place- 
bos, the experimental group received 2 mg. 
of supplemental thiamine per day. Neither 
the psychologist, the twins, nor the parents 
knew which children received the thiamine. 
Records of intake of the supplements were 
obtained by periodical checks, and nonco- 
operative groups were excluded from the 
study. 

The children were retested after one 
hundred and thirty-six days (the short-time 
experiment), and after two hundred and 
seventy-three days of supplementation. 
Thirty-six pairs of twins completed the 
short-term test, 25 pairs the long-term. 
All results were analyzed statistically for 
significance. During the short-term test, 
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no significant differences between the con- 
trol and experimental groups could be 
detected in reasoning, rote memory, code 
substitution, eyesight, intelligence, reading, 
or arithmetical tests. The thiamine supple- 
mented group made superior gains in height 
(5 chances in 100 that the differences were 
due to chance) and weight (2 to 5 chances in 
100 that the differences were due to chance). 
This 5 per cent level of significance is not 
considered conclusive, but only doubtful. 
In tests of manual dexterity and retentive 
memory, the thiamine supplemented group 
appeared slightly superior, but the gains did 
not reach the 5 per cent level of significance, 
and therefore were probably not significant. 

Results of the long-term tests showed no 
differences of statistical significance between 
the two groups, even in the height and 
weight tests indicated to be of probable 
significance at the end of the short-term 
experiment. Thus, if these results are 
accepted as being significant at the end of the 
short-term experiment, the conclusion would 
naturally be reached that during the subse- 
quent extension of the experiment the 
control group made superior gains to the 
supplemented group in these respects. 

Results of this apparently carefully 
planned and conducted study emphasize the 
dangers in drawing conclusions from short- 
term experiments of this nature conducted 
with genetically heterogeneous groups. In 
genetic makeup the two groups of this 
experiment were essentially identical. The 
negative results of thiamine supplementa- 
tion indicate that there is no value in 
thiamine supplementation above the levels 
of intake recommended by the Food and 
Nutrition Board of the National Research 
Council. Since 50 per cent of the experi- 
mental subjects were apparently eating 20 to 
40 per cent less than this amount, it may be 
further concluded that the margin of safety 
allowed in setting figures for this allowance 
was adequate with respect to the functions 
tested. 




















176 NUTRITION REVIEWS [J une 


Various relations of diet to atherosclerosis 
have been described recently (Nutrition 
Reviews 6, 99 (1948)). A survey by S. L. 
Wilens (Arch. Int. Med. 79, 129 (1947)) 
on the relation of obesity to the incidence of 
atherosclerosis is of importance to nutrition 
workers because of the methods used and for 
the resulting data. The observations re- 
ported in this paper were based on 1250 
autopsies performed at Bellevue Hospital, 
New York. Of these, 1000 were con- 
secutive, unselected autopsies of persons 
35 vears of age and over at the time of death. 
Because an insufficient number of obese 
persons was included in this selection, the 
series was enlarged by including the next 
consecutive 250 autopsies of obese persons 
in the same age range. The autopsies were 
performed by pathologists who were not 
concerned with development of a survey on 
the relation of obesity to atherosclerosis. 
The data were obtained by examination and 
classification of information recorded in the 
individual protocols. Evaluation of the 
extent of obesity at time of death was based 
on the pathologist’s expression of the bodily 
condition and on descriptions and measure- 
ments of fat deposits in various parts of the 
body. The patients of each group (obese, 
average, and poor) were classified, according 
to degree of atherosclerosis present, into the 
following categories: (1) those with no 
atherosclerotic lesions or only slight ones; 
(2) those with a moderate degree; and (3) 
those with severe widespread lesions. These 
simple methods for measuring bodily 
condition and extent of atherosclerosis were 
recognized by the author as being open to 
criticism, since they were based on the sub- 
jective interpretation of an unconcerned 
observer who may have made but a casual 
inspection in these respects. In addition, 
Wilens’ classification of the individuals into 
what he termed “‘nutritional groups’’ (obese, 
average, and poor) inferred that obesity is a 
measure of ‘“‘good’’ nutrition and that lack 
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of depot fat constitutes evidence of ‘‘poor”’ 
nutrition. Actually, obesity does occur in 
cases of poor nutrition and is principally a 
measure of caloric intake and excessive 
appetite and is not a measure of adequate 
nutrition achieved through consumption of 
normal amounts of a balanced diet. The 
correlation between obesity and atheroscler- 
Osis is an important one but cannot be 
considered as a correlation with “nutritional 
status’’ as interpreted by Wilens. Through- 
out the original article, the reader should 
distinguish between good nutrition, which 
signified a balanced intake of nutrients, and 
obesity, which may reflect sufficient or 
excessive calories but frequently poor nu- 
trition. On the other hand, this method of 
collecting data had the virtue of having 
been recorded with complete detachment 
from any possible relations between athero- 
sclerosis and fat stores. 

The occurrence of general atherosclerosis 
and of coronary atherosclerosis in this series 
of persons was directly proportional to the 
amount of adipose tissue deposited through- 
out the body. In obese men, the incidence 
of severe, general atherosclerosis was two 
and one-half times as great as in poorly 
nourished men. In obese women, the 
incidence of severe, general atherosclerosis 
was almost twice as high as in poorly nour- 
ished women. For both men and women 
with average fat stores, the incidence of 
general atherosclerosis was intermediate to 
that in obese and lean groups. Obesity 
in men appeared to be a more important 
factor in increasing the incidence of coronary 
atherosclerosis than in women, as_ the 
incidence of this category of lesions was 
twice as high in obese men as in obese 


women. 

When the relation of depot fat to the 
incidence of general atherosclerosis was 
classified according to decades of age, the 
same relation was observed in each age 
group as had been recorded above for the 
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entire series. The incidence of severe 

atherosclerosis among the obese individuals 
of any decade of life was always greater than 
among the persons with little storage fat of 
the succeeding age group. 

To determine whether the relation be- 
tween fat stores and atherosclerosis was 
influenced by inclusion of a large percentage 
of persons with hypertensive vascular disease 
in the obese group, the cases deemed to be 
free of hypertension were considered alone. 
The major observation was again confirmed 
with an additional interesting relation being 
noted in this group. Up to the age of 
65 in men and 54 in women, the incidence of 
atherosclerosis in nonhypertensive groups 
with average and with low depot fat stores 
was practically the same, while over these 
ages individuals of average nutritional status 
had a higher incidence. When hypertensive 
cases were considered alone, the findings 
supported the conclusion of a _ general 
relation between obesity and atherosclerosis 
and also suggested that hypertension accel- 
erated the development of atherosclerosis 
in obese and average groups more than in 
those with little storage fat. 

Since heart size at autopsy may be a more 
accurate measure of prolonged hypertension 
than blood pressure readings during terminal 
illness, heart size was considered in relation 
to fat stores and atherosclerosis. No dif- 
ference in distribution of atherosclerotic 
lesions was observed with respect to obesity 
among individuals with larger than average 
or smaller than average hearts. Since 
diabetes is fairly common in obese persons, 
all autopsies where diabetes was known to be 
involved were omitted in a further consider- 
ation of the data. No part of the association 
between atherosclerosis and fat storage was 
found to be attributable to diabetes. 

In a continuation study, S. L. Wilens 
(Am. J. Path. 23, 793 (1947)) has made a 
more explicit survey of the relation of 
storage fat, and in particular of considerable 
weight loss during terminal illness, to ather- 
omatous Jesions in the aorta and the main 
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branches of the coronary arteries in 104 
autopsies of patients between 40 and 60 
vears of age. Again this investigator in- 
ferred that nutritional status could be 
judged by body weight and fat deposits. 
In this review the results have been discussed 
in terms of the correlation between fat 
deposits and atherosclerosis. In these 
autopsies, much more data were available 
regarding the weight status of the individual 
for a period prior to terminal illness. An 
interesting method for comparing the extent 
of atheromatous lesions was developed 
through the use of Kodachrome photo- 
graphic slides made during the autopsies of 
characteristic regions of the aortas and of 
the coronary arteries. Extensively calcified 
or narrowed portions of the coronary vessels 
were photographed in cross section also. 
In all autopsies, the weight and bodily 
condition during health, the duration of the 
final illness, and the amount of weight lost 
during that period were recorded. Forty- 
one of the group in which aortas were studied 
had lost from 15 to 110 pounds in a period 
of from one to twelve months preceding 
death; the remainder had lost less than 
10 pounds prior to death. As in the pre- 
vious study, the evaluation of the fat stores 
at autopsy was based on the amount of 
adipose tissue in the subcutaneous mesen- 
teries, omental, retroperitoneal, and _peri- 
renal regions. 

The degree of atherosclerosis was 
measured by arranging the Kodachrome 
slides, as unknowns, in sequence, using the 
extent of intimal surface covered by plaques 
of various types as the chief criterion. 
Where the process was of approximately 
equal extent in any two, the one showing 
more advanced, hyalinized, calcified, or 
ulcerated lesions was considered to have the 
greater degree of involvement. The series 
was then divided into four groups of 26 cases 
each, characterized by ‘‘minimal,” “mild,’’ 
“moderate,” and “severe” lesions. The 
sorting and evaluation process was re- 
peated three times to eliminate errors in 
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positioning. While there were minor shifts 
in position in each group, these were not 
great enough except in isolated cases to 
displace a specimen from one major group 
to another. 

Again the relation between obesity and 
severity of atherosclerosis independent of 
sex and age was striking. Twelve of the 
24 cases of obesity, but only 2 of the 39 
lean subjects had severe atherosclerosis of 
the coronary arteries. Ten of the 24 cases 
of obesity but only 6 of the 41 lean subjects 
had severe atherosclerosis of the aorta. 
When terminal loss of weight was con- 
sidered, Wilens observed that a lower 
incidence of atherosclerosis was present 
among the individuals who had lost an 
appreciable amount of weight in the period 
prior to death. Among the 13 persons with 
little storage fat who had not lost weight 
terminally, there were no examples of severe 
or moderate atherosclerosis of the coronary 
arteries and only 5 cases of slight involve- 
ment. All of the 9 persons with low fat 


stores who had moderate or severe coronary 
atherosclerosis had lost weight prior to 
death and presumably had been of average 
weight or obese previous to this loss in 


weight. Similar correlations were observed 
when terminal weight loss and aortic athero- 
sclerosis were compared. By way of sum- 
mary, omitting lean persons without ter- 
minal weight loss who probably had never 
had significant atherosclerosis, only 31 per 
cent cf average or obese persons without 
terminal weight loss had minimal or mild 
aortic atherosclerosis, while 59 per cent 
with weight loss fell into these groups. 

On the premise that the lipid component 
of atherosclerotic lesions might be resorbed 
more readily than hyalinized or calcified 
material, the Kodachrome slides were re- 
arranged in graded sequence according to 
the amount of visible lipid in the form of 
diffuse yellowish intimal deposits as streaks, 
flecks, or circumscribed mounds and with- 
out reference to hyalinized, calcified, ul- 
cerated, or hemorrhagic areas. Again the 
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cases were divided into four equal groups 
of 26 on the basis of the extent of visible 
lipid. 

Large amounts of lipid deposits were 
found more often in coronary arteries and in 
the aorta of persons who were obese or of 
average weight than in those with little 
depot fat. There was an appreciably 
smaller amount of intimal lipid in the lean 
subjects and in those who had had 
appreciable losses of weight prior to death. 
Wilens inferred that grossly appreciable 
depletion of lipid deposits occurred during 
a prolonged period of weight loss. How- 
ever, 3 obese persons and 3 persons with 
average fat storage as well as 7 persons with 
little depot fat continued to show moderate 
or marked lipid deposits even after definite 
and prolonged terminal weight loss. 

The Kodachrome slides were rearranged 
with reference to the severity of hyalinized, 
calcified, ulcerated, and hemorrhagic lesions 
but without respect for the extent of lipid 
deposits. In this case no relation to the 
terminal weight loss was observed. How- 
ever, when terminal weight loss was ignored, 
and only original weight considered, a cor- 
relation was observed between the extent of 
this type of lesion and obesity. If only the 
fat stores at autopsy were considered, the 
relation of obesity to hyalinized, ulcerated, 
and hemorrhagic lesions was obscured. 
This was taken as evidence that there was no 
regression of this type of lesion during 
terminal weight loss. 

Histologic sections were also used as a 
method of comparing the extent of the 
lesions even though random sections pro- 
vided inadequate and not completely repre- 
sentative samples of the atherosclerotic 
process in any given case. In general, the 
observations made from gross examination 
of the photographic evidence were con- 
firmed by the histologic evidence. Lipids 
can be identified in atheromatous lesions 
chiefly in three forms: within phagocytes, as 
cholesterol crystals, and impregnating dif- 
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fusely the amorphous material in the depths 
of large intimal plaques. As a rule, less 
lipid in each of these three forms was noted 
in the arteries of those who had lost weight 
terminally than in the arteries of those who 
had not. 

The data in these surveys indicate strongly 
that there is a relation between bodily 
condition and fat deposits at autopsy and the 
incidence and severity of atherosclerosis of 
the aorta and main branches of the coronary 
arteries. These data were not biased by 
an uneven distribution of cases with hyper- 


The effects of certain steroid hormones on 
nitrogen and calcium balance in patients 
with osteoporosis have been reviewed (Nu- 
trition Reviews 5, 249 (1947)). J. A. 
Johnston (Am. J. Dis. Child. 74, 52 (1947)) 
has contributed further experimental data 
to the problem in a study of the changes 
in nitrogen and calcium balance and twenty- 
four hour basal caloric expenditure in 5 
growing male children, aged 7 to 15 years, 
during control periods and following oral 
administration of 10 mg. of methyltestos- 
terone daily. The nutritional and metabolic 
conditions of the children were diverse; 
in one (aged 14 years), the study was begun 
ten days after operation for slipped femoral 
epiphysis; in another, the balance study was 
interrupted for one day for a skin grafting 
procedure two years after a burn (aged 
15 years). Both of the above named 
operative procedures might have influenced 
nitrogen balance (Nutrition Reviews 5, 
47 (1947)) and perhaps that of calcium. 

During the period when testosterone was 
administered the basal caloric expenditure 
increased slightly in all 5 boys. Calcium 
balance, which was strongly positive in 
all 5 boys during the control period, became 
less positive in 4 of them during the period 
of treatment, even amounting, in one, to 
slight negative balance. The drop in pos- 
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tensive vascular disease nor cases of diabetes 
in the obese, average, and poorly nourished 
groups. When terminal weight loss was 
considered, the relation between previous 
weight, fat stores, and atherosclerosis ap- 
peared stronger than between terminal 
weight, fat stores, and atherosclerosis. The 
observation that some of the lipid deposits in 
the atherosclerotic lesions regressed during a 
period of prolonged, appreciable weight loss 
is an interesting one which is in keeping 
with animal experiments (Nutrition Re- 
views 6, 99 (1948)). 


itive calcium balance, contrary to what 
might have been expected, was due to an 
increase in fecal calcium. The urinary 
calcium decreased during administration of 
testosterone. 

The diverse observations of E. C. 
Reifenstein and F. Albright (Nutrition 
Reviews 5, 249 (1947)) who found in patients 
with senile osteoporosis a reduction in both 
urinary and fecal calcium output are noted 
by Johnston who offers in explanation that 
testosterone was given in excess in the 
growing boys, whereas a deficit was being 
corrected in the patients of Reifenstein and 
Albright. A 10 year old boy who was in a 
plaster cast during the period of study 
showed no change in positive calcium 
balance until withdrawal of testosterone 
therapy, when it became negative. The 
reason for this behavior is not given. 

Nitrogen balance was positive throughout 
the study but there was greater nitrogen 
retention during the testosterone period 
than during the fore and after control 
periods in all but one boy. The exception 
was the 15 year old boy in whom skin 
grafting was done during the study. His 
nitrogen retention was already 7 g. per day 
during the control period and remained 
about the same during administration of 
testosterone. The author considered that 
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it would be difficult to exceed such a high 
retention, although it seems possible that 
the operative procedure may have influenced 
the testosterone response. 

In interpreting the changes observed by 
Johnston following administration of testos- 
terone, it must be remembered that his 
group was, as pointed out above, by no 
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means a homogeneous one. Furthermore, 
even if substantiated, the effect on calcium 
balance cannot be considered a_ beneficial 
one, nor is the increase in nitrogen retention 
above the normal necessarily a desirable 
effect. Thus, the author rightly makes no 
therapeutic claims for testosterone in the 
patients studied. 


OCULAR CHANGES IN SPECIFIC AMINO ACID DEFICIENCIES 


Visible changes develop in the eyes of 
animals maintained on diets deficient in 
certain essential amino acids. In 1942, the 
appearance of vessels in the cornea of rats 
deficient in tryptophan and lysine was 
noted (J. R. Totter and P. L. Day, J. 
Nutrition 24, 159 (1942)). This work was 
subsequently confirmed (A. A. Albanese 
and W. Buschke, Science 95, 584 (1942); 
A. A. Albanese, Jbid. 101, 619 (1945): 
C. W. Hock, W. K. Hall, E. R. Pund, and 
V.P.Sydenstricker, Federation Proceedings 4, 
155 (1945)). Others have raised the ques- 
tion of whether corneal vascularization is a 
sign of nutritional deficiency (Nutrition 
Reviews 2, 120 (1944)). Also, it has been 
demonstrated that vessels develop in the 
corneas of rats maintained on a diet deficient 
in methionine. This same abnormality 
can be noted if animals are given a diet 
low in protein (V. P. Sydenstricker, W. K. 
Hall, C. W. Hock, and E. R. Pund, Science 
103, 194 (1946)). Lenticular opacities de- 
veloped in 2 out of 3 swine maintained on 
acid hydrolyzed casein and in 2 of 3 pigs 
maintained on zein (G. E. Cartwright et al., 
J. Clin. Invest. 24, 268 (19445)). 

A. J. Schaeffer (Proc. Soc. Exp. Biol., 
Med. 61, 165 (1946)), using guinea pigs 
with injured corneas, applied amino acids 
to one eye and isotonic solution of sodium 
chloride to the other eye and noted that 
regeneration of the cornea in the eye treated 
with amino acids was much more rapid than 
in the control eye. 

To these data might be added the papers 


by A. Ferraro and L. Roizin (Arch. Ophth. 
38, 331 (1947)) and Ferraro, Roizin, and I. 
Givner (Ibid. 38, 342 (1947)) which deal 
with the ocular changes in rats maintained 
on diets deficient in the amino acids, trypto- 
phan and valine. When these reports were 
published complete pathologic studies had 
not been made and no definite conclusion 
could be drawn. Whether the changes in 
the ocular structures were caused primarily 
by lack of tryptophan or whether they were 
secondary to lesions situated elsewhere in 
the body could not be determined. How- 
ever, the authors did establish that trypto- 
phan prevents, ameliorates, and cures the 
clinical condition, as well as some of the 
ocular symptoms produced experimentally 
by diets deficient in tryptophan. The 
changes noted were of two types: (1) the 
early ones, characterized chiefly by water- 
splitting of the lens fibers and vacuolation, 
changes which were reversible on treatment 
with tryptophan, and (2) the more advanced 
changes which led to disorganization of the 
structure of the lens and which appeared to 
be irreversible. 

In rats maintained on a valine deficient 
diet, changes developed in the cornea 
in addition to general changes and structural 
alterations in other organs. The corneal 
changes seemed to be the results of edema 
and progressive degeneration leading gradu- 
ally to keratinization and disorganization 
of the epithelial structures of the cornea. 
In addition, there was pronounced deep 
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vascularization of the cornea; slight changes 
in the lens characterized chiefly by vacuola- 
tion of the cortex also were noted’ occasion- 
ally. These structural changes in the eye 
apparently are reversible if they are treated 
in time, as demonstrated by improvement 
after the administration of synthetic valine 
to animals maintained on diets deficient in 
valine. 
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Although these studies are incomplete, 
they point again to the rather marked, and 
sometimes specific structural changes which 
may result from lack of specific amino acids 
in the diet. 

The rat seems particularly susceptible to 
vascularization of the cornea and possible 
application of such studies to human nutri- 
tion is a matter of interest. 


MALNUTRITION AND ANEMIA IN RECRUITS FOR THE INDIAN ARMY 


Several interesting investigations of the 
nutritional status of specific population 
groups have been made in India, which is 
always a fertile field for the study of mal- 
nutrition. 

One of these concerns a study by O. P. 
Verma and co-workers (M. Hynes, M. 
Ishaq, T. L. Morris, and Verma, Indian J. 
Med. Res. 34, 119 (1946); A. M. Thomson, 
Verma, and C. K. Dilwali, Jbid. 34, 131 
(1946); Hynes, Ishaq, and Verma, Jbid. 34, 
278 (1946); Verma, Dilwali, and Thomson 
(Ibid. 35, 41 (1947)) of anemia and mal- 
nutrition in a group of 800 South Indian 
Army recruits from the agricultural and 
laboring classes. Prior to the study the 
diet had been largely made up of rice and a 
small amount of pulses (“dahl”). Little 
milk or animal protein was eaten. Of the 
entire group there were 9 instances (1 per 
cent) in which the hemoglobin concentration 
was less than 10 g. per 100 ml., 41 (5 per 
cent) between 10 and 12 g., 163 (20 per cent) 
between 12 and 14 g., and the remaining 587 
(74 per cent) above 14g. In most instances 
the anemia was normocytic and normo- 
chromic although it tended to be hypo- 
chromic in those more severely afflicted. 
Macrocytic anemia was rare, there being 
only 7 instances with a hemoglobin of less 
than 14 g. per 100 ml. and with mean cell 
volume above 100 cu. micra. This is in 
contrast to Indian hospital populations. 

There was no correlation between height 
and weight and anemia. However, deficient 


muscle development, a decrease in the 
amount of subcutaneous fat, and the in- 
cidence of cutaneous and ocular signs sug- 
gestive of nutritional deficiency were signifi- 
cantly correlated with the occurrence of 
anemia. 

In an effort to assess the importance of 
hookworm infestation on the anemia, its 
severity was estimated by a rough stool 
ovum count. In the more malnourished 
individuals the severity of the worm in- 
festation was directly related with the 
severity of the anemia, while in those 
better nourished no definite relation could 
be discovered. The authors suggest that 
the blood loss associated with hookworm 
infestation is easily borne unless under- 
nutrition is present. 

Seven instances of splenomegaly were 
observed, suggesting chronic malaria, all 
but one having a hemoglobin concentration 
less than 13 g. per 100 ml. Other laboratory 
examinations for malaria were not made. 

During the first six months of army train- 
ing the response to the Indian Army 
standard ration, both alone and supple- 
mented, was studied. The supplements 
were: 8 ounces of meat daily for one group, 
and for the second group 48 ounces of milk 
replacing the meat of the standard ration. 
These last two diets were roughly equivalent 
in animal protein content. The three diets 
furnished from 3800 to 4300 calories per 
day, from 126 to 168 g. of protein, as well 
as from 2000 to 3400 1.v. of vitamin A, 
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approximately 2.5 mg. of thiamine, from 
1.4 to 3.0 mg. of riboflavin, 20 to 37 mg. of 
niacin, and 57 to 63 mg. of ascorbic acid. 
Although it was thought by the authors 
that the milk improved skin texture more 
than the diet with the meat supplement, it 
was the latter which gave the best ain in 
weight, while the milk diets produced the 
least weight gain. On analysis of the data 
it was found that this differential weight 
gain was observed only in the individuals 
with overt signs of specific nutritional 
deficiencies. The rate and amount of gain 
in height were not influenced by the diet. 
Each of the three diet groups was divided 
into three parts: two given iron supplements 
of 0.2 and 0.4 g. of ferrous sulfate daily and 
one kept as an “iron” control. During the 
six month feeding period there was a rapid 
rise in the hemoglobin concentration of those 
receiving iron supplements. A somewhat 
slower rise occurred in the controls not 
receiving iron. It thus appears that this 


The 
importance of iron is further exemplified 
by the fact that although the diet was 
excellent, cure of anemia was frequently not 
complete in six months unless iron was given. 
Of the three diets, that containing the 


anemia was an iron deficiency anemia. 
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extra meat was again the best, hemoglobin 
being a little more rapidly built with or 
without the iron supplement. The presence 
or amount of hookworm infestation bore no 
relation to weight gain nor hemoglobin 
regeneration with iron or without. 

From these results it seems evident that 
prior to re-feeding these recruits were under- 
nourished and probably malnourished with 
respect to certain of the B-complex vitamins. 
The fact that the anemia responded to iron 
is not surprising as it was a blood loss 
(hypochromic) anemia presumably associ- 
ated with hookworm infestation. There is 
no evidence that these men were lacking 
any specific substance except iron necessary 
for blood formation. Nevertheless, de- 
fective nutrition had an enhancing effect 
on the anemia in those severely afflicted 
with hookworm. 

The work of these investigators adds one 
more bit of evidence for the presence of the 
elusive “animal protein factor.” The ap- 
parent relation between gain in weight and 
hemoglobin formation suggests the pos- 
sibility that iron was the missing factor; 
however, iron administration apparently 
did not bring the growth rates of the non- 
meat group up to that for the meat supple- 
mented group. 


ALTERATIONS IN FAT ABSORPTION IN STEATORRHEA 


It has long been held that glycerides are 
completely hydrolyzed in the gastrointesti- 
nal tract and that the resultant fatty acids 
enter the intestinal cell, undergo resynthesis 
through a process of phosphorylation, and 
pass in turn into the lacteals, the thoracic 
duct, and the systemic circulation. Ae- 
cording to this hypothesis, triglyceride fat 
is not absorbed as such. Considerable 
evidence has accumulated which does not 
appear compatible with this simple lipolytic 
hypothesis of fat absorption (A. C. Frazer, 
Physiol. Rev. 26, 103 (1946)). A consid- 
eration of this evidence has led Frazer to 


suggest the partition hypothesis for the 
absorption of fat. According to this hy- 
pothesis, hydrolysis is but partial in the lumen 
of the intestine and the unhydrolyzed fat is 
emulsified by means of a triple complex of 
fatty acid, bile salt, and lower glycerides. 
The triglyceride so emulsified is then able 
to penetrate the canal structure of the free 
border of the intestinal cell. Transport 
through the cell is not dependent upon sub- 
sequent phosphorylation, but the simultane- 
ous occurrence of phosphorylation within 
the cell serves to facilitate dispersion of the 
triglyceride. The neutral fat then enters 





1948} 


the systemic blood by way of the lacteals 
and thoracic duct. The evidence upon 
which this hypothesis is founded is too 
extensive for review here but has been well 
summarized by Frazer (loc. cit.). 

More recently, Frazer (Brit. Med. J. 2, 
641 (1947)) has considered the etiologic 
mechanism of steatorrhea in light of his 
hypothesis. He has postulated that steator- 
rhea may occur because of defects in ab- 
sorption in a number of phases of the process. 
In the intraluminar phase, which occurs 
within the lumen of the intestine and is 
concerned with emulsification, the absence 
of either bile or lipase would result in the 
inability to form the triple combination 
(fatty acid-bile salt-monoglyceride) neces- 
sary to emulsify triglyceride fat. Frazer 
holds that absorption through the outer 
membrane of the cell is dependent upon 
normal water and electrolyte metabolism 
and, thereby, indirectly upon adrenal 
cortical function. Parenthetically, it is of 
interest that F. M. Hanes (Tice’s ‘Practice 
of Medicine” 4, 171 (1946)) found abnor- 
mally high stool fat contents in 3 of 5 cases 
of Addison’s disease, and that severe cases 
of sprue may manifest a sodium deficiency 
(D. A. K. Black, Lancet II, 671 (1946)). 
Frazer postulates that within the mucosal 
cell the phospholipid formation is of some 
importance in bringing about a “change in 
interfacial film structure which must occur 
if the fat particles are to remain in a dis- 
persed state in the protein environment of 
the blood stream.” An abnormality of 
phospholipid formation, therefore, might 
conceivably give rise to steatorrhea. The 
passage of fatty material through the inner 
membrane of the cell is influenced by choline 
and, perhaps, by some undefined member of 
the vitamin B-complex. Finally, a dis- 
turbance in the distributive phase of fat 
absorption may occur due to an obstruction 
within the lacteals. While the exact site 
of some of the various steps in Frazer’s 
scheme are to be considered hypothetical, 
the scheme has the merit of providing a 
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diagrammatic representation of factors 
which affect the absorption of fat and of 
categorizing several recognized defects which 
may give rise to malabsorption and steator- 
rhea. The clinical syndrome (steatorrhea) 
resulting from these several defects is often 
considered a single entity. It may be thata 
consideration of Frazer’s hypothesis can 
lead to methods of distinguishing the 
mechanism of several steatorrheas and 
contribute to the clarification of this now 
difficult subject. 

In conjunction with Frazer’s hypothesis, 
it is of interest to consider a few of the more 
recent investigations of fat absorption in 
sprue and other steatorrheas. W.T. Cooke 
et al. (Quart. J. Med. 15, 141 (1946)) have 
studied the fecal fat content in 41 control 
patients without steatorrhea—15 of these 
manifested diarrhea, 12 had various types of 
anemia, and 14 presented a miscellaneous 
group of gastrointestinal complaints. Sev- 
enty-nine patients with steatorrhea were 
studied. These were distributed as follows: 
idiopathic steatorrhea, 29; tropical sprue, 
21; pancreatitis, 7; lacteal obstruction, 2; 
surgical conditions, 6; malnutrition, 6; and 
miscellaneous, 8. These patients were given 
a standardized diet containing 50 g. of fat 
per day. Stools were collected for two, 
three, or four days employing either a 
marker or an enema to separate the be- 
ginning and end of the collection period. 
The control group (diarrhea, anemia, mis- 
cellaneous) absorbed from 90 to 99 per cent 
of the ingested fat with an average absorp- 
tion of 94 per cent. The subjects with 
idiopathic steatorrhea had an average ab- 
sorption of 73 per cent with a range from 31 
to 91 per cent. In tropical sprue in relapse 
the average percentage absorption was 63; 
in recent severe sprue, 81. In the group of 
recent “cured” tropical sprue, the average 
absorption was 93 per cent. In the remain- 
der of the steatorrheas, the absorption varied 
from 24 to 89 per cent on the average. The 
balance studies demonstrate that the defect 
in fat absorption is only partial in steator- 
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rheas of various etiologies. The data would 
lead one to suggest that any absorption less 
than 90 per cent indicates impairment of 
the ability to handle fat. This is in keeping 
with evidence obtained by others (Nutrition 
Reviews 6, 56 (1948)). Also it was noted 
that the percentage of fat in dried feces is 
not a reliable criterion for the differentiation 
of normal from abnormal absorption. 

These workers attempted to correlate as 
best they could malabsorption with exces- 
sive gastrointestinal motility. They con- 
cluded that intestinal hypermotility could 
not be the cause of defective absorption of 
fat in the cases which they studied. In 
cases of pancreatitis, the investigators deter- 
mined the percentage of hydrolyzed fecal 
fat. No correlation existed in these cases 
between the percentage of hydrolysis of the 
fat and the percentage absorption. This 
finding can be interpreted as consistent with 
Frazer’s partition hypothesis that unhydro- 
lyzed fat can be absorbed. 

In normal subjects, a characteristic lipe- 
mia occurs in the systemic blood within 
four hours after ingestion of a fat meal. 
Cooke and co-workers note that in many of 
their patients with steatorrhea this lipemia 
did not occur despite the absorption of 70 
to 80 per cent of the ingested fat. They 
attribute this lack of systemic lipemia 
despite the absorption of considerable fat to 
the absorption of fatty acids directly into 
the portal circulation according to the 
partition hypothesis. By implication the 
defect in these cases would reside in a failure 
to absorb neutral fat. Such an explanation 
is not inconsistent with Frazer’s hypothesis, 
but it should be noted that a delayed ab- 
sorption or a rapid storage of lipid could 
likewise prevent the occurrence of post- 
prandial lipemia. 

A similar study of fat balance in tropical 
sprue has been reported by D. A. K. Black, 
J. P. Bound, and L. P. R. Fourman (Quart. 
J. Med. 16, 99 (1947)). The subjects of 
this investigation were 28 patients who had 
acquired sprue while on tropical military 
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service. These subjects exhibited steator- 
rhea, had lost 10 per cent or more of their 
body weight, had glossitis, moderate anemia, 
and abdominal distention. Preliminary 
periods of observation ranged from eight to 
twenty-four days. The subjects were placed 
on one of two standard diets containing 
either 70 or 100 g. of fat. Due to variability 
in fat output for successive three or four day 
periods, the investigators found it necessary 
to base their results on a twelve day balance. 
In 19 patients with untreated sprue, the 
percentage fat absorption varied from 51 to 
85 with a mean of 75.6. The workers state 
that in normal persons fat absorption ex- 
ceeds 90 per cent of the intake. Addition 
of niacin and riboflavin to 5 subjects for 
periods of eight to twelve days resulted in 
no appreciable improvement in fat absorp- 
tion. Liver extract administered intra- 
muscularly in doses of 10 ml. (units not 
stated) per day for four days, followed by 4 
ml. daily, resulted in no significant improve- 
ment in fat absorption in a twelve day 
period. However, after continued liver 
therapy for five to seven weeks there oc- 
curred slight, but definite improved 
absorption. Addition to the therapeutic 
regimen of an autolyzed yeast extract 
resulted in rapid further improvement in 
fat absorption within twelve days. The 
authors suggest that this improvement in 
fat absorption following administration of 
yeast extract may have been due partly to 
its content of folic acid. They note that 
the yeast was more effective in improving 
fat absorption than any dose of liver which 
could conveniently be given over a long 
period of time. These results, considered 
together with those effects reported by 
others (W. J. Darby, E. Jones, H. F. War- 
den, and M. M. Kaser, J. Nutrition 34, 
645 (1947); L. 8. P. Davidson, R. H. Gird- 
wood, and E. M. Innes, Lancet I, 511 (1947); 
C. F. Vilter, R. W. Vilter, and T. D. Spies, 
J. Lab. Clin. Med. 32, 262 (1947)) of the 
effect of pteroylglutamic acid on the gastro- 


intestinal defects in sprue, lead to the 
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suggestion that the unknown B-vitamin 
which fits into Frazer’s scheme may possibly 
be folie acid. 

D. A. K. Black and J. A. Simpson (7. 
Roy. Soc. Trop. Med. Hyg. 41, 241 (1947)) 
have studied the serum lipids, both fasting 
and following a test meal containing 18 g. of 
milk fat. They determined both total 
serum lipids and the various fatty acid 
fractions. The fasting phospholipid and 
cholesterol fatty acids were lower in sprue 
patients than in normals, an observation 
in keeping with the earlier study of N. H. 
Fairley ([bid. 24, 131 (1930)). In normal 
subjects following the test meal, a definite 
increase in total and neutral fat-fatty acid 
occurred within the four hour period, but 
little change in cholesterol-fatty acid was 
seen. In the sprue patients, the increase 
in total fatty acid was less than normal 
while the increase in neutral fat-fatty acid 
was not significantly different from that in 
the normal subjects. There occurred, how- 


ever, a definite fall in cholesterol-fatty acids. 


The oral administration of 10 g. of sodium 
glycerophosphate increased the rise in total 
serum fatty acids in both controls and sprue 
patients. The oral administration of 5 g. 
of phospholipid exerted an irregular effect 
upon the serum lipid curves in sprue pa- 
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Two curves determined with the 
addition of 5 g. of choline gave no evidence 
that this substance increased fat absorption 
in sprue. The administration of liver 
extract in quantities found to be effective 
clinically did not alter the serum lipid curve 
in 4 cases studied before and after treatment. 

Black and Simpson interpret their find- 
ings to indicate that the defect in absorption 
of fat in sprue is a defect in phosphorylation 
and in the absorption of split fats rather 
than the absorption of neutral fats. The 
findings upon which their conclusions are 
based were that the neutral fat-fatty acids 
in the serum of fasting subjects were similar 
for sprue and for normal individuals; that 
the serum neutral fat increment in sprue 
after a test dose was approximately 80 per 
cent of that in normal individuals whereas 
the phospholipid-fatty acid in sprue was 
but 60 per cent of the normal average. ‘The 
decrease in serum cholesterol fatty acids 
which occurred in sprue patients was ex- 
plained by a failure to resorb the cholesterol 
secreted into the bile. It is obvious from 
these divergent interpretations of the defect 
in fat absorption in sprue that the signifi- 
cance of such observations will remain 
speculative until new technics are intro- 
duced into the study of the problem. 


tients. 


BIOCHEMICAL DEFECTS IN LACTOSE AND GALACTOSE TOXICITY 


B. C. Guha (Biochem. J. 25, 1385 (1931)) 
reported the inadequacy of galactose when 
fed as the sole carbohydrate at high levels 
in rat diets. From these studies he con- 
cluded that the fatal results of galactose 
feeding were due primarily to starvation. 
The slow utilization of galactose and the 
increased appetite of rats on a high galactose 
diet all suggested that the toxic effects 
might be due to tissue starvation. This 
belief was further strengthened by the 
studies of L. E. Holt and C. N. Kajdi 
(Bull. Johns Hopkins Hosp. 74, 121 (1944)) 
who observed that starving rats offered 


only lactose or galactose died at least as 
rapidly as did the unsupplemented controls. 

P. Handler (J. Nutrition 33, 221 (1947)) 
has conducted a series of investigations 
concerning the biochemical lesions under- 
lying the nutritional failure of young rats 
maintained on diets which contained high 
amounts of lactose or galactose. From 
these studies, it evident that the 
galactose portion of the lactose molecule 
was responsible for its toxicity. The basal 
diet consisted in per cent of: casein 10, 
lactose or other carbohydrate 81, salts 4, 
cod liver oil 2, cottonseed oil 3, and corn 


was 
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oil 1, and was supplemented adequately 
with the members of the vitamin B-complex, 
mixed tocopherols, and naphthohydroqui- 
none acetate. After weaning, various groups 
composed of 10 male rats were fed on 
modifications of the above ration for as 
long as they survived up to fourteen days, 
at which time survivors were killed. When 
sucrose was used as the carbohydrate, the 
average rate of growth was 23 g. for the 
two week experimental period. This rate 
of growth is lower than the maximum pos- 
sible for rats of this age, probably because 
of the low protein level of the ration. When 
lactose was substituted as the sole carbo- 
hydrate, most of the rats developed ruffled 
fur, edema of the hind paws, and diarrhea 
within two to three days. The average 
weight loss was 19.1 g. for the rats which 
developed diarrhea and 12.7 g. for the rats 
which did not. The average survival times 
were four and nine-tenths and _ seven 
and three-tenths days, respectively. When 
galactose was given as the sole carbohydrate, 
similar results were obtained. A diet with 
the carbohydrate composed of a mixture of 
equal parts of glucose and galactose was as 
toxic as those diets in which all the carbo- 
hydrate was supplied by either galactose or 
lactose. When the lactose content of the 
diet was reduced to 40 per cent and the 
rest of the carbohydrate supplied as glucose, 
the rats grew slowly and survived the 
experimental period. When the galactose 
content was reduced to 20 per cent with the 
rest of the carbohydrate present as glucose, 
the rats grew slowly and all but 2 survived 
the experimental period. Additions of 3 
per cent sulfasuxidine or of 10 per cent 
cellulose, which were made to the lactose 
diet in attempts to reduce the severity of the 
diarrhea, did not alter the toxicity of this 
diet, the extent of diarrhea, nor extend the 
survival time. Since there was still a 
possibility of dehydration and acidosis as a 
result of the diarrhea, one group of rats was 
offered a 0.4 per cent sodium chloride solu- 
tion instead of drinking water; another 
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group was given a supplement of 0.2 per 
cent of sodium bicarbonate in the lactose 
ration. Again, neither of these supplements 
altered the course of the toxicity, indicating 
that dehydration and acidosis were ap- 
parently not the primary causes of the 
short survival time. 

No appreciable difference was observed 
in serum protein, carbon dioxide capacity, 
or blood lactic acid values for the three 
groups of 12 rats each. From the hemato- 
crit, serum protein, and alkali reserve it was 
evident that no serious dehydration or 
acidosis had resulted from either lactose or 
galactose administration in toxic amounts 
even until the rats had become moribund. 
Nonprotein nitrogen values were slightly 
higher for the animals which had been fed 
lactose or galactose but these elevations 
appeared to represent a terminal event 
concomitant with their moribund condition. 

The average serum calcium levels were 
10.1, 12.4, and 11.8 mg. per cent for the 
rats in the groups whose diets contained 
sucrose, lactose, and galactose, respectively. 
On the contrary, average phosphorus levels 
were 7.4, 6.3, and 5.0 mg. per cent for the 
same three groups. Alkaline phosphatase 
values of the serum were 16.6, 31.0, and 
37.3 Bodansky units, respectively. 

In a second experiment significant in- 
creases were found in the volume, titratable 
acidity, ammonia, sugar, calcium, and 
phosphorus values of the urines of the 
animals fed the lactose and galactose diets 
along with a slightly decreased pH. The 
most extreme difference was in the increased 
volume of urine excreted per day by the 
rats fed the lactose and galactose diets. 
These increases were believed by the in- 
vestigator to be a result of the high urinary 
excretion of sugar which increased from 
zero for the control animals on the sucrose 
diet to 0.48 g. in rats fed the lactose diet 
and to 1.40 g. in rats fed the galactose diet. 
Sugar was expressed in terms of galactose 
for the groups on both lactose and galactose 
diets since acid hydrolysis did not increase 
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the reducing power of the urine. The con- 
clusion from the sugar excretions was that 
insufficient sugar was excreted to impose an 
appreciable caloric restriction. A tendency 
to acidosis was indicated by the acid urines, 
and the high excretion of titratable acid and 
ammonia. Diarrhea did not appear to 
contribute to this tendency since acid 
urines occurred in rats producing reasonably 
well formed stools. The marked increase 
of calcium in the blood serum of the previous 
experiment and the high calcium excretion 
in this experiment indicated the already 
known, enhanced intestinal absorption of 
calcium by animals fed diets containing 
lactose and galactose. 

Complete autopsies were made of 4 
moribund rats which had been selected 
from each of the galactose and the lactose 
diets. Nothing was found histologically 
which seemed to contribute to the under- 
standing of the biochemical lesions. Radio- 
graphic examination revealed a complete 
failure of skeletal calcification of the adoles- 
cent rats maintained on the high lactose and 
galactose diets. 

The results of these studies cannot be 
explained entirely on the basis of starvation 
produced by the various inabilities to utilize 
galactose and lactose. Measurements of 
the galactose excreted in the urine indicated 
that of the 7 g. consumed per day only 2.2 
g. were excreted. Complete utilization of 
what was retained would have yielded 
sufficient energy for body maintenance and 
a slow rate of growth. However, the data 
presented by Handler indicated that the 
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rapid course of the disease probably was 
dependent upon some interference with 
glucose or glycogen metabolism, or both. 
Despite the presence of blood galactose 
concentrations as high as 600 mg. per cent, 
the true blood glucose levels varied between 
26 and 73 mg. per cent and the supply of 
liver glycogen appeared to be almost ex- 
hausted. This experimentally produced 
syndrome appears to be parallel in many 
respects to that condition in infants with 
galactosemia and cataracts (E. Bruck and 
8S. Rapoport, Am. J. Dis. Child. 70, 267 
(1945); A Goldbloom and H. F. Brickman, 
J. Pediatrics 28, 674 (1946)). In these 
infants, high blood galactose and low blood 
glucose concentrations were observed as 
long as they were given milk. The blood 
glucose of normal children also decreased 
to as low as 50 mg. per cent during galactose 
tolerance tests but returned to normal more 
rapidly when galactose was discontinued 
than in the infants with “idiopathic galacto- 
semia.”’ 

The studies of Handler represent con- 
siderable progress in the understanding of 
the inadequacy of galactose and lactose as 
carbohydrates at high levels in the diet of 
the rat. The elimination of acidosis and 
dehydration as contributing causes to the 
signs of this toxicity and the positive demon- 
stration of the altered carbohydrate metab- 
olism make it evident that studies of this 
kind can be used as still another method for 
investigating the complicated steps in- 
volved in carbohydrate metabolism in the 
living organism. 


BIOTIN METABOLISM IN MAN 


Biotin deficiency has been induced in a 
variety of animals by feeding a highly 
purified diet; in others by adding to the 
diet raw egg white or some bacteriostatic 
agent such as one of the sulfonamides 
(Nutrition Reviews 4, 163 (1946)). There 
also is evidence that biotin is involved in 


the metabolism of pyruvate (Ibid. 5, 355 
(1947)), that it is present in human milk 
(Ibid. 4, 134 (1946)), and that it is needed 
in early intrauterine life and for lactation 
in the rat (Ibid. 3, 343 (1945)). 

In 1942, T. W. Oppel found biotin in the 
urine of human beings in the free, rather 
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than in the combined form, and noted that 
the majority of subjects excreted between 
20 and 50 micrograms of biotin each day. 
The urinary excretion of biotin was the 
same in both men and women (Nutrition 
Reviews 1, 199 (1943)). Clinical deficiency 
of biotin in man, however, had not been 
observed with certainty. That same year 
V. P. Sydenstricker and associates (J. 
Am. Med. Assn. 118, 1199 (1942)) produced 
biotin deficiency in man. The diet was 
low in ‘‘vitamin B” components although 
the biotin content was not estimated. It 
contained 200 g. of dehydrated egg white. 
On this diet skin changes were noted during 
the third and fourth weeks and by the fifth 
week nervous and mental symptoms de- 
veloped. At that time there was also a 
marked reduction of biotin in the urine. 
In 1943, C. P. Rhoads and J. C. Abels (Ibid. 
121, 1261 (1943)) and a year later I. I. 
Kaplan (Am. J. Med. Sct. 207, 733 (1944)), 
attempted to produce biotin deficiency in 
human beings who had malignant lesions. 
Egg white and avidin concentrates were 
incorporated in the diets of these patients 
for long periods of time but no signs or 
symptoms of biotin deficiency developed 
and Rhoads and Abels noted no decrease 
in urinary excretion of biotin. These dis- 
crepancies in results are difficult to explain. 

In an attempt to discover the reason for 
these discrepancies, T. W. Oppel (Am. J. 
Med. Sci. 215, 76 (1948)) considered the 
possible factors which might have caused 
them. Since avidin is a relatively insoluble 
material, it was considered that it might 
not have been available in the experiments 
of Rhoads and Abels and by Kaplan; also, 
since it is thought that avidin prevents the 
absorption of biotin from the _ intestine, 
be that the 
avidin-biotin complex is not stable in the 
Another possibility 
was that all the patients in whom biotin 
deficiency did not develop had a malignancy 
and the idea that these individuals might 


another explanation might 


human intestinal tract. 
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utilize biotin differently was considered. 
A biotin tolerance test was then devised. 

Twenty-four hour specimens of urine 
were collected from patients on unrestricted 
diets and, after a control day, a dose of 500 
micrograms of biotin was given, which 
caused an increase in urinary output far 
above normal. Several days after the 
first dose the same quantity of biotin was 
given with 250 mg. of avidin. Jn vitro this 
amount of avidin would completely inac- 
tivate the biotin. The avidin was given in 
various ways—mixed with milk, mixed with 
biotin and given in capsules, or dissolved in 
ammonium sulfate. 

Four patients were studied, 2 of whom had 
pernicious anemia with the usual achlorhy- 
dria, and 2 of whom had malignant disease. 
Of the latter, one had a_bronchiogenic 
carcinoma and the other had chronic myelog- 
enous leukemia. Avidin, given in all the 
various ways mentioned, evidently pre- 
vented the excretion of biotin in these 2 
patients. Furthermore, it was shown that 
avidin and biotin reacted in the intestinal 
tract of patients with achlorhydria or 
malignant disease in the same manner that 
they did in normal animals. 

A study was made of absorption of biotin 
by the colon. Biotin was dissolved in a 
few cubic centimeters of water and given 
by rectum. The increase in urinary out- 
put of biotin was smaller when biotin was 
given by rectum than when it was given 
orally, but was sufficient to indicate in- 
testinal absorption. 

The effect of sulfonamide drugs on the 
suppression of synthesis of biotin in the 
intestinal tract was also studied. It was 
noted that ordinary doses of sulfonamides 
do not seriously impair synthesis of biotin, 
but the type of sulfonamide used and the 
dosage are most important factors. Large 
doses of sulfasuxidine almost completely 
inhibited synthesis of biotin in the colon. 
It is not known, however, whether this 
inhibition can be maintained long enough 
to produce a biotin deficiency state in man, 
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although it has been done in animals in a 
period of less than six weeks (D. C. Lindley 
and T. J. Cunha, J. Nutrition 32, 47 (1946)). 

It has been suggested that certain dis- 
eases in man may be due to a lack of biotin. 
Since deficiencies of biotin in animals are 
characterized by loss of hair or feathers and 
a seborrheic type of skin lesion, some have 
thought that perhaps seborrheic conditions 
in man might likewise be the result of biotin 
deficiency. Oppel with the aid of the 
tolerance test described, showed that 4 
of 5 patients with seborrhea had a low 
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response to biotin tolerance. However, 
treatment of these patients with large doses 
of biotin was without effect. 

These studies again indicate that much 
additional work must be done before an 
evaluation of the metabolism of biotin in 
the human subject can be made. Further 
study is needed particularly regarding the 
effects of inhibition of synthesis of biotin 
in man caused by certain drugs such as the 
sulfonamide drugs and antibiotics, which 
are so commonly used in day 
therapy. 


present 


LESIONS OF THE TONGUE AND NIACIN DEFICIENCY 


Severe glossitis has long been recognized 
as a prominent manifestation of pellagra 
which improves dramatically with niacin 
therapy. Whether minor chronic abnor- 
malities of the tongue are due to niacin 
deficiency remains a debatable question. 
It has been suggested that alteration in the 
appearance of the tongue may be the only 


clinical sign of niacin deficiency (H. D. 
Kruse, Milbank Memorial Fund Quart. 20, 


262 (1942)). Mild changes in the tongue 
have been noted in children of persons with 
pellagra before other signs of the syndrome 
appear (T. D. Spies, W. B. Bean, and 
R. E. Stone, J. Am. Med. Assn. 111, 584 
(1938)). Soreness, redness, and papillary 
atrophy of the tongue have been ascribed 
to niacin deficiency by N. Jolliffe and M. 
Stern (Clinics 1, 282 (1942)) who reported 
that prolonged treatment was necessary 
for restoration to normal. 

H. Bakwin and co-workers (Am. J. Dis. 
Child. T4, 657 (1947)) studied the effect of 
niacin therapy on abnormalities of the 
tongue in children. In a four year period, 
225 children on the medical services at 
Bellevue Hospital were found to have lesions 
of the tongue. Little difference was noted 
between the diets, or the general health, of 
the children with normal and those with 
abnormal tongues. Sixty children with 


glossitis were chosen for therapeutic study 
and were divided equally into a control 
group who received a placebo and a treated 
group who were given 200 to 600 mg. of 
niacinamide daily. Lesions of the tongue 
were classified as follows: (1) acute glos- 
sitis, a red swollen tongue associated with 
febrile illness; (2) glossitis migrans, char- 
acterized by reddish, irregular, sharply 
demarcated areas (often surrounded by a 
whitish border) in which filiform papillae 
are absent and fungiform papillae present 
as red dots; (3) mild chronic swelling of the 
tongue with enlargement of fungiform 
papillae at the tip and decrease in filiform 
papillae in various areas; and (4) fissured 
tongue, with smooth margins, 
transverse or irregular fissures and at times 
redness or circumscribed denuded 

The acute glossitis improved spontane- 
ously or after chemotherapy. In the few 
children who had chronic disease, the tongue 
varied with the illness and was unaffected 
by the administration of niacin. Treat- 
ment was without effect in 13 children with 
glossitis migrans. Of the patients with 
swollen and fissured tongues 14 of 17 showed 
improvement which began after the third 
month of therapy; none was entirely cured 
even though the average duration of treat- 
ment was fifteen and a half months. When 


swelling, 


areas. 
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improvement occurred the filiform papillae 
in the center of the tongue were replaced 
first; those in the tip and margin were the 
last to appear. Of 16 untreated patients 
with swollen and fissured tongues, 4 showed 
spontaneous improvement. 

The authors conclude that these observa- 
tions support the view that niacin has a 
favorable influence on the nutrition of the 
tongue, but fail to substantiate the hypothe- 
sis that lesions of the tongue commonly 
observed in children are due to niacin 
deficiency. 

H. Martin and C. E. Koop (Am. J. 
Surgery 57, 195 (1942)) described changes 
in the tongue in adults similar to those 
noted by Bakwin et al. in children. Glos- 
sitis migrans did not respond to therapy 
with either niacin or preparations of the 
vitamin B-complex while fissuring responded 
better to whole vitamin B-complex than to 
niacin alone. H. Field, C. Parnall, and 
W. D. Robinson (New Engl. J. Med. 223, 
807 (1940)) noted improvement in patients 
with atrophic tongues following administra- 
tion of niacinamide or vitamin B-complex. 
P. T. Kuo and M. 8. Huang (Chinese Med. 
J. 59, 430 (1941)) found liver therapy more 
effective than niacin in atrophic glossitis. 
P. Ellinger and F. M. Shattock (Brit. Med. 
J. 2, 611 (1946)) observed that lesions of 
the mouth which developed during oral 
penicillin therapy could be rapidly relieved 
with niacin. Jolliffe and Stern (loc. cit.) ad- 
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ministered niacin to patients with pernicious 
anemia whose tongues failed to improve with 
liver or diet and obtained cures within a year. 

Changes in the tongue have been described 
in association with deficiency of riboflavin 
(V. P. Sydenstricker, Ann. Int. Med. 14, 
1499 (1941)) and of biotin (V. P. Syden- 
stricker et al., J. Am. Med. Assn. 118, 
1199 (1942)). Pyridoxine has been reported 
to effect striking improvement in tongue 
lesions (L. A. Rosenblum and N. Jolliffe, 
Ibid. 117, 2245 (1941)). Glossitis in perni- 
cious anemia disappears with the adminis- 
tration of liver extract (G. R. Minot and 
W. P. Murphy, Ibid. 89, 759 (1927)) or of 
folic acid (G. A. Goldsmith, J. Lab. Clin. 
Med. 31, 1186 (1946)). The glossitis of 
sprue and nutritional macrocytic anemia 
also responds to folie acid (loc. cit.; W. J. 
Darby, E. Jones, and H. C. Johnson, J. 
Am. Med. Assn. 130, 780 (1946)). Changes 
in the tongue in chronic hypochromic 
anemia due to iron deficiency disappear 
under therapy with iron (Nutrition Reviews 
4, 263 (1946)). 

It appears that lesions of the tongue are 
nonspecific and of varied etiology. Niacin 
and other ‘‘B-vitamins” seem to be im- 
portant in the physical appearance of the 
tongue but caution should be observed in 
making a diagnosis of a specific deficiency 
state on the basis of either tongue changes 
alone or of the response of these lesions to 


prolonged therapy. 
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Letter to the Editor 


Dear Sir: 

The 1948 March issue of Nutrition Reviews 
contains an article discussing a publication 
by A. E. Axelrod, B. B. Carter, R. H. McCoy, 
and R. Geisinger (Proc. Soc. Exp. Biol. Med. 
66, 137 (1947)) reporting that impairment 
of antibody responses in rats may be as- 
sociated with deficiencies in pyridoxine, 
pantothenic acid, and riboflavin. The re- 
viewer wonders why in a previous investi- 
gation by H. C. Stoerk, H. N. Eisen, and 
H. M. John (J. Exp. Med. 85, 365 (1947)) 
deficiencies in pantothenic acid or in ribo- 
flavin, did not reduce the circulating anti- 
bodies. 

In the opinion of the writer of -this letter 
a closer comparison of the two series of 
experiments readily reveals the nature of 
the “discrepancy” between these findings. 

In the experiments of Stoerk, Eisen, and 
John the observations were limited to rela- 
tively mild deficiencies. The feeding of a 
pyridoxine deficient diet for only six weeks, 
producing a deficit in body weight gain of 
only 28 per cent, sufficed to depress strik- 
ingly the antibody response. Deficiencies 
of comparable severity (judged by body 
growth) in calories (paired weighed controls), 
protein, thiamine, riboflavin, and panto- 
thenic acid did not reduce the levels of 
circulating antibodies. 

In contrast, Axelrod et al. were dealing 
with relatively severe deficiencies. They 
fed deficient diets for nine weeks and pro- 
duced deficits of body weight gain up to 
98 per cent. However, the effect of starva- 
tion to the extent present in their riboflavin 
and pantothenic acid deficient animals was 
not controlled by paired feeding. 

H. C. Sroerk 

Merck Institute for Thera- 
peutic Research 

Rahway, N. J. 


Palatability of Combat Rations 


D.B. Dill (J. Aviation Med. 18, 590(1947)) 
had an opportunity to study the food likes 
and dislikes of army airforce personnel be- 
fore and during combat flights. He re- 
emphasizes the often made, but sometimes 
forgotten, statement that the prime require- 
ment for a ration is palatability. Thus, a 
cold tired soldier wants hot coffee rather 
than cold artificial fruit juice even though 
it is fortified with ascorbic acid. 

A further nutritional problem in combat 
flying was the anorexia associated with 
emotional stress. When this occurred, as it 
frequently did, the ration needed to be 
highly palatable. In conclusion, Dill em- 
phasized the advisability of testing rations 
under actual field conditions as the closest 
guide to their acceptability. Rations should 
be made acceptable and nutritional. 


British Medical Association Committee on 
Nutrition 

In April, 1933 the British Medical Asso- 
ciation appointed a Committee with the 
following reference: 

“To determine the minimum weekly 
expenditure on foodstuffs which must be 
incurred by families of varying size if health 
and working capacity are to be maintained, 
and to construct specimen diets.”” The 
report of the Committee was published (Brit. 
Med. J. 2, 1 (Nov. 25, 1933 (Suppl.)) and 
recommended “the figure 3,400 calories in 
the food as purchased as the unit require- 
ment of the normal man of average stature, 
if health and working capacity are to be 
maintained.”’ This figure of 3400 calories, 
“made up from 100 g. of protein (50 g. of 
which should be first-class protein), 100 g. fat 
(of animal origin as far as possible), and 500 
g. carbohydrate, takes into account the un- 
avoidable waste in preparation and losses 
in digestion.’”” TheCommitteeused Rubner’s 
values. 
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This recommendation appeared to be in 
conflict with that of an official Committee 
of the Ministry of Health. In January, 
1931 a Nutrition Advisory Committee had 
been appointed as a permanent body to 
“advise the Minister of Health on the 
practical application of modern advances 
in the knowledge of nutrition.” In a 
memorandum entitled “The Criticism and 
Improvement of Diets,’ the Committee rec- 
ommended 3000 calories and 37 g. of first- 
class protein as adequate to supply the needs 
of the average man of the entire population 
of the country. Since there appeared to be a 
conflict of opinion between the two Com- 
mittees, a joint conference of representatives 
of both met in 1934 to consider whether any 
important differences existed, and if so to 
determine the significance of such differ- 
ences. In its Report (Ministry of Health: 
Nutrition. Report of Conference. London: 
Stationery Office (1934)) the joint conference 
concluded that there was no fundamental 
disagreement on matters of scientific fact 
between the two bodies. 

The British Medical Association has now 
set up a new Special Committee on Nutri- 
tion with the following members: Lord 
Horder, G. F. Buchan, Harriette Chick, S. 
J. Cowell, G. P. Crowden, Sir Jack Drum- 
mond, R. G. Gordon, Jean Mackintosh, V. 
H. Mottram, R. Murray Scott, H. M. 
Sinclair, R. E. Smith, D. Stewart, and J. 
G. Thwaites. The terms of reference of 
the Committee are: “To consider and re- 
port on the problems of nutrition in this 
country, including present nutritional stand- 
ards.”? At the first meeting of the com- 
mittee (Brit. Med. J. 2, 922 (1947)) 
subcommittees were set up to consider 
nutritional requirements, surveys of family 
food consumption, clinical and biochemical 
data concerning the nutritional state of the 
people, and practical dietetics including 
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questions of morale and psychology in 
relation to diet 


Transaminases 


The identification of transaminases as 
pyridoxal phosphate proteins has been dealt 
with in this journal (Nutrition Reviews 4, 
232 (1946); 5, 295 (1947)). These enzymes 
have received further attention demanding 
additional notice at the present time. D. 
EK. O’Kane and I. C. Gunsalus (J. Biol. 
Chem. 170, 425 (1947)) have reported on 
“The Resolution and Purification of Glu- 
tamic-aspartic Transaminases.” Using the 
methods of expressing enzyme units and 
“purity index” proposed by D. E. Green, 
L. E. Leloir, and V. Nocito (Ibid. 161, 
559 (1945)), the authors were able to obtain 
two preparations from pig’s heart containing, 
respectively, 22,900 and 27,700 enzyme 
units per 100 g. of pig’s heart, of “‘purity 
index” 0.18 and 0.14, respectively. The 
activity of the solutions reported was 
almost four times as great as those earlier 
prepared by Green et al. (loc. cit.). 

The authors discuss the evidence available 
and conclude that ‘‘very probably the 
apoenzyme has not been obtained in a pure 
state.””’ They also carried out observations 
with pyridoxal phosphate which confirmed 
that it acts as coenzyme for the enzyme, and 
established its dissociation constant as 
1.5 X 10-* moles per liter. The authors 
published a second paper (J. Biol. Chem. 
170, 433 (1947)) giving evidence that the 
proposed aspartic acid-alanine transaminase 
is an artefact, as proposed by Green et al. 
(loc. cit.) 

M. J. K. Leonard and R. H. Burris 
(J. Biol. Chem. 170, 701 (1947)) have also 
contributed a study of the presence of trans- 
aminase enzymes in plant tissues, in which 
they found them present in plant tissues 
containing appreciable amounts of protein, 
but not in those which contained little or 
no protein. 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manu- 
facturers in December, 1941, as a sincere expression of their interest in 
scientific progress and human health. The basic purposes of the Founda- 
tion are: (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) 
the support of educational measures that will assist in making the science 
of nutrition effective in the lives of present and future generations. 


The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained, people to keep abreast of current progress, 
and to have availablé:an ‘unbiksed, authoritative review of the current 
research literature in*the science of nutrition. 

The Editorial Staff has heen carefully selected so that the publication 
will merit in reasonable degree, the confidence of the medical profession 
and others who work directly with the public in the field of nutrition. The 
service provided by the publication is distinct from that of an abstract 
journal, a review for laymen, or an extensive scientific review. Since the 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may be further modified by the 
Editorial Office in preparing final copy for the press, the Editorial Commit- 
tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bers to individual reviews. There is thus a high degree of group responsi- 
bility on the part of the Editor and Assistant Editors. 


Signed articles do not necessarily represent the opinion of the Editorial 
Staff. 


A leaflet based on articles appearing currently in NUTRITION 
REVIEWS and entitled “Current Research in the Science of Nutrition” is 
distributed free of charge by the Nutrition Foundation each month. The 
vocabulary of the leaflet is adapted for lay reading and the subject matter 
is restricted to clearly established findings of practical interest. Those 
who wish to have their names placed on the mailing list should write directly 
to the Nutrition Foundation, Inc., Chrysler Building, New York City. 





